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ADJUSTABLE EXPANSION CONE ASSEMBLY 
Cross Reference To Related Applications 

This application claims the benefit of the filing date of U.S. provisional patent 
application serial no. 60/318.021, attorney docket no. 25791.58, filed on 9/7/2001, the 
5 disclosure of which is incorporated herein by refisrence. 

This application is related to the following: (1) U.S. patent application serial no. 
09/454,139. attorney docket no. 25791.03.02. filed on 12/3/1999, (2) U.S. patent 
applicatton serial no. 09/510.913. attorney dock^ no. 25791.7.02. filed on 2/23/2000. 
(3) U.S. patent application serial no. 09/502.350. attorney docket no. 25791.8.02, filed 

10 on 2/1 0/2000, (4) U.S. patent application serial no. 09/440,338. attorney docket no. 
25791 .9.02. filed on 1 1/15/1999. (5) U.S. patent appfication serial no. 09/523.460. 
attorney docket no. 25791.11.02. filed on 3/10/2000. (6) U.S. patent applicatton serial 
no. 09/512.895. attorney docket no. 25791. 1Z02. filed on 2/24/2000. (7) U.S. patent 
application serial no. 09/51 1 ,941 , attorney docket no. 25791 .1 6.02. filed on 2/24/2000, 

1 5 (8) U.S. patent application serial no. 09/588,946, attorney docket no. 25791 . 1 7.02. filed 
on 6/7/2000. (9) U.S. patent application serial no. 09/559,122, attorney docket no. 
25791 .23.02. filed on 4/26^000. (10) PCT patent application serial no. 
PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000. (11) U.S. 
provistonal patent application serial no. 60/162,671, attorney docket no. 25791.27, filed 

20 on 1 1/1/1999, (12) U.S. provislonai patent applicatnn serial no. 60/1 54,047, attorney 
docket no. 25791.29, filed on 9/16/1999. (13) U.S. provistonal patent applicatton serial 
no. 60/159.082, attorney docket no. 25791 .34, filed on 10/12/1999, (14) U.S. 
provisional patent applicatton serial no. 60/159,039, attorney docket no. 25791.36. filed 
on 10/12/1999. (15) U.S. provistonal patent application serial no. 60/159,033, attorney 

25 docket no. 25791.37. filed on 10/12/1999, (16) U.S. provistonal patent application serial 
no. 60/212,359, attorney docket no. 25791 .38. filed on 6/19/2000, (17) U.S. pn>visional 
patent application serial no. 60/165.228. attorney docket no. 25791 .39, filed on 
1 1/12/1999. (18) U.S. provistonal patent appHcatton serial no. 60/221 .443. attorney 
docket no. 25791.45. filed on 7/28/2000. (19) U.S. provistonal patent appBcation serial 

30 no. 60/221 .645. attorney docket no. 25791 .46. filed on 7/28«000. (20) U.S. provistonal 
patent applicatton serial no. 60/233,638, attorney docket no. 25791 .47. filed on 
9/18/2000, (21) U.S. provisional patent application serial no. 60/237,334. attorney 
docket no. 25791.48. filed on 10/2/2000. (22) U.S. provisional patent application serial 
no. 60/270.007, attorney docket no. 25791.50. filed on 2/20/2001; and (23) U.S. 

35 provistonal patent appltoation serial no. 60/262.434. attorney docket no. 25791 .51 , filed 
on 1/17/2001, the disctosures of whtoh are incorporated herein by reference. 
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Background of the Invention 

This invention relates generally to wellbore casings, and In particular to wellbore 
casings that are fonned using expandat)le tubing. 

Conventionally, vvhen a weiltx)re is created, a number of casings are installed in 
5 the borehole to prevent collapse of the borehole wall and to prevent undesired outHow 
of drMng fluid into the fonmation or inflow of fluid firom the fonmation into the borehole. 
The borehole is drilled in intervals whereby a casing which is to be installed in a lower 
borehole interval is lowered through a previously installed casing of an upper borehole 
inten/al. As a consequence of this procedure the casing of the lower interval is of 

10 smaller diameter than the casing of the upper interval. Thus, the casings are in a 

nested arrangentent with casing diameters decreasing in downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 

15 a large borehole diameter involves increased costs due to heavy casing handling 
equipment large drill bits and inoeased volumes of drilling fluid and drill cuttings. 
Moreover. Increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
diameters drilled in the course of the weO, and the large volume of cuttings drilled and 

20 removed. 

TTie present invention is directed to overcoming one or more of the limitations of 
tiie existing procedures for fonming new sections €t casing in a wellbore. 

Summary of the Invention 
According to one aspect of the present invention, an apparatus for radially 

25 expanding a tubular member is provided that includes a tubular support member tiiat 
includes a first tubular support body defining a longitudinal passage, a first lug coupled 
to and extending from tiie first tubular support body in the radial direction, a second lug 
coupled to and extending from the first tubular support body in the radial direction, and 
an expansion cone support body coupled to the first tubular support t}ody. The 

30 expansion cone support body includes an N-sided tapered tutHilar support member, 
wherein each side of the multi-sided tapered tubular support member defines a T- 
shaped slot. N expansion cone segments are movably coupled to the expansion cone 
support body, each including an expansion cone segment body including arcuate 
conical outer surfaces, a first T-shaped retaining member coupled to the expansion 

35 cone segment ixxly for movably coupling tt>e expansion cone segment body to a 
corresponding one of the T-shaped slots of ttie expansion cone support body, and a 
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SMond T-shaped retaining member coupled to the expansion cx>ne segment l>ody. A 
split ring oollar assembly is niovably coupled to the exterior of the tubular support 
member that Includes a seoond tubular support body defining N T-shaped slots for 
movaUy receiving corresponding ones of the seoond T-shaped retaining members of 
5 the expansion cone segments, and an L-shaped rataining member coupled to the 
seoond tubular support body. A first drag block assembly is rnovably coupled to the 
tutniiar support member that includes a first drag block t)ody defining a slot for 
receiving and mating with the L-shaped retaining member of the split ring collar, and a 
first J-shaped slot for receiving the first lug, and one or more first drag blocks coupled 

10 to the first drag block body. A second drag block assembly is rnovably coupled to the 
tubular support member that includes a second drag block body defining a second J- 
shaped stot for receiving the second lug, and one or more second drag blocks coupled 
to the second drag block oody. First and second packer cups are coupled to the 
. tubular support member between the first and second drag block assemblies. 

15 According to another aspect of the present invention, an apparatus for radially 

expanding a tubular member Is provided that includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage, a first flange 
coupled to the first tubular support body, a second flange ooupled to the first tutniiar 
support body, a first tapered flange coupled to the first tubular support body, a second 

20 tapered flange coupled to the first tubular support body, and an expanston cone 
support body coupled to the first tubular support body. The expanston cone support 
body includes an N-slded tapered tubular support member, wherein each side of the 
multl-slded tapered tubular support memt)er defines a T-shaped stoL N expansion 
cone segments are movably ooupled to the expansion oone support body, each 

25 including an expansion oone segnnent body including arcuate conical outer surfeces, a 
first T-shaped retelning member coupled to the expanston oone segment body for 
movably coupling the mpansion cone segment body to a corresponding one of the T-- 
shaped stots of the expansion cone support body, and a second T-shaped retaining 
member coupled to the expanston oone segment body. A split ring collar is movably 

30 coupled to the exterior of the tutnjlar support member that includes a second tubular 
support body that defines N T-shaped slote for movably receiving conesponding ones 
of the second T-shaped retaining members of the expansion cone segments, and an L- 
shaped retaining member coupled to the second tubular support body. A first collet 
assembly is movably coupled to the tubular support member that includes a first tubular 

35 sleeve that defines a stot for receiving and mating with tte L-shaped reteining member 
of the spit ring collar, a first counterbore for receiving the first flange, and a first radial 

: Copiftd from 1046^719 nn 0Si?fi/2aaa 

: :<:i:i: :::::: :B:r. ::::::::::::::::::::::::::::::: :i:i:i:i:i:i:i:i:i:i:i:i:i:>:i:<:i: n: ::::::: n: :: mmmiimmmmmii^UmHmmsimmmimmmmmmmsSiS: 
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passage, a first spring received within the first oountertx>re, a first rstaining ring 
received within the first countert)ore« a first load transfer pin coupled to the first 
retaining ring and extending through the first radial passage, a second tubular sleeve 
coupled to the first load transfer pin, a first resilient collet coupled to the second tut>ular 

5 sleeve and positioned atxive the first tapered flange, and a third tutnilar sleeve coupled 
to the first resilient collet A second collet assennbly Is movably coupled to the tubular 
support member that includes a fourth tubular sleeve that defines a second 
counterbore for reoeiving the second flange, and a second radial passage, a second 
spring received within the second counterbore, a second retaining ring received within 

10 the second counterbore, a second load transfer pin coupled to the second retaining 
ring and extending through the second radial passage, a fifth tubular sleeve coupled to 
the second load transfer pin, a secorKi resilient collet coupled to the fifth tubular sleeve 
and positioned above the second tapered flange, and a sixth tubular sleeve coupled to 
the second resilient collet. First and second packer cups coupled to the tubular support 

15 member between the first and second collet assemblies. 

According to another aspect of the present invention, an apparatus for radially 
expanding a tubular member is provided that includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage, a first radial 
passage defined in the first tubular support body fluididy coupled to the tongitudinal 

20 passage, a first flange coupled to the first tubular support body, a second flange 
coupled to the first tubular support body, a first tapered flange coupled to the first 
tubular support body, a second tapered flange coupled to the first tubular support body, 
and an expansion cone support body coupled to the first tubular support body. The 
expansion cone support body Includes an N-skJed topered tubular support member, 

25 wherein each side of the multi-sided tapered tubular support member defines a T- 
shaped stot N expansion cone segments are movably coupled to the expansion cone 
support body, each including an expansion cone segment body including arcuate 
conical outer surfaces, a first T-shaped retaining memk)er coupled to the expansion 
cone segment txxly for movably coupling the expansion cone segment body to a 

30 corresponding one of the T-shaped slots of the expansion cone sup(K)rt txxly, and a 
second T^haped retaining member coupled to the expansion cone segment body. A 
split ring cottar is movably coupled to the exterior of the tubular support member that 
includes a second tubutar support body that defines N T-shaped sbts for movably 
receiving corresponding ones of the second T-shaped retaining members of the 

35 expansion cone segments, and an L-shaped retaining nriember coupled to the second 
tubular support body. A first dog assembly is nrK)vably coupled to the tubular support 

; ' SSfi;!;i!^:^^^ 
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member that includes a first tubular sleeve that defines a slot for receiving and mating 
with the L-shaped retaining member of the split ring collar, a first oounterbore for 
receiving the first flange, and a second radial passage, a first spring received within the 
first oountertxTO, a first retaining ring received within the first counterbore. a first load 

5 transfer pin coupled to the first retaining ring and exteiKiing through the second radial ' 
passage, arxl a second tubular sleeve coupled to the first load transfer {m that defines 
a second oounterbore for receiving the first tubular sleeve, a first resilient dog coupled 
to the secorkl tubular sleeve and positioned adjacent to the first tapered flange. A 
second dog 2»sembly is nrK>vably coupled to the tubular support member that Includes 

10 a third tubular sleeve that defines a second countert^ore for receiving the second 
flange, a third radial passage, and a fourth radial passage fluldidy coupled to the first 
radial passage, a second spring received within the second couriterix>re, a second 
retaining ring received within the second counterix)re, a second load transfer pin 
coupled to the second retaining ring and extending through the third radial passage, a 

15 fourth tubular sleeve coupled to the second load transfer pin, and a second resilient 
dog coupled to the four^ tubular sleeve and positioned adjacent to the second tapered 
flange. Rrst and second packer cups are coupled to the tubular support member 
between the first and second dog assemblies. 

According to another aspect of the present invention, an apparatus for radially 

20 expanding a tubular member Is provided that Includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage Including a throat 
passage, a first reKiial passage defined in the first tobular support body fiuidldy coupled 
to the longitudinal passage, a first fiange coupled to the first tubular support body, a 
second flange ooupled to the first tobular support body that defines a second radial 

25 passage defined in the second flange fluididy ooupled to the longitudinal passage, a 
tapered flange ooupled to the first tobular support body, and an expansion cone 
support body ooupled to the first tobular support body. The expansion cone support 
body Includes an l^sided topered tobular support member, wherein each side of the 
multi-sided tapered tobular support member defines a T-shaped slot. N expansion 

30 cone segments are movably coupled to the expansion cone support body, each 

including an expansion cone segment body including arcuate corvcal outer surfeces, a 
first T-shaped retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a corresponding one of the T- 
shaped slots of the expansion cone support body, and a second T-shaped retaining 

35 member coupled to the expansion cone segment body. A split ring collar is movably 
coupled to the exterior of the tobular support member that includes a second tobular 

rnpi^H frnm in4fii^71Q nn mpa/7mfi 
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support body that defines N T-shaped slots for movabiy receiving corresponding ones 
of the second T-shaped retaining mmbers of the expansion cone segments, and an L- 
shaped retaining member coupled to the second tubular support body. A dog 
assembly is movabiy coupled to the tubular support member that includes a f^t tubular 

5 sleeve that defines a sbtfor receiving and mating with the L-shaped retaining member 
of the split ring collar, a first countert>ore for receiving the first flange, and a third radial 
passage, a spring received within the first counterbore, a retaining ring received within 
the first counterbore, a load transfer pin coupled to the retaining ring and extending 
through the third radial passage, a second tubular sleeve coupled to the first load 

1 0 transfer pin that defines a first counterbore for receiving the first tubular sleeve, a 
second counterbore for receiving and mating with the tapered flange, and includes a 
third flange that defines a third countertjore for receiving the second flange, a fourth 
counterbore for receiving the second flange, and a fourth radial passage, and a 
resilient dog coupled to thie second tubular sleeve and positioned adjacent to the 

15 tapered flange. First and second paclcer ojps are coupled to the tubular support 
member between the resilient dog and the third flange. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a tubular support member that includes a 
tubular support txxly and an expansion cone support body coupled to the tubular 

20 support body. The expansion cone support body includes an N-slded tapered tubular 
support member, wherein each side of the multiped tapered tobular support member 
defines a T-shaped slot N expansion cone segments are movabiy coupled, to the 
expansion cone support body, each including an expansion cone segment body 
including arcuate conical outer surfaces, a first T-shaped retaining member coupled to 

25 the expansion cone segment body for movabiy coupling the expansion cone segment 
body to a oorresponding one of the T-shaped slots of the expanston cone support 
body, and a second T-shaped retaining memt>er coupled to the expan^n cone 
segment txxiy. A split ring collar is movabiy coupled to the exterior of the tubular 
support member that includes a second tubular support body that defines N T-shaped 

30 slots for movabiy receiving oon^sponding ones of the second T-shaped retaining 
members of the expansion cone segments, and an L-shaped retaining memt>er 
coupled to the second tubular support body. A tubular actuating sleeve Is movabiy 
coupled to the tubular support member that includes a third tubular support body that 
defines a slot for receiving and mating with the L-shaped retaining member of the split 

35 ring collar. 
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According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a tubular support mennber that includes a fvst 
tubular support body, and an expansion cone support body coupled to the tubular 
support body. The expansion cone support body includes a tapered tubular support 
5 member defirting N stepped stots. An expansion cone assembly is movably coupled to 
the tubular support member that includes a second tubular support body movably 
coupled to the first tubular support body defining an L-shaped slot, and N expansion 
cone segments extending from the second tubular support member. Each expansion 
cone segment includes a resilient collet coupled to the second tubular support member, 

10 an expansion cone segment body coupled to the resilient collet including arcuate 
conical outer surfaceSp and a retaining member coupled to the expansion cone 
segment body for movably coupling the expansion cone segment body to a 
corresponding one of the stepped slots of the expansion cone support body. A split 
ring collar is movably coupled to the exterior of the tubular support member that 

1 5 includes a third tubular supp<^ body, a first L-shaped retaining member coupled to the 
third tubular support body for mating with the L-shaped slot of the second tubular 
support body of the expansion cone assembly, and a second t-shaped retaining 
member coupled to the third tubular body. A tubular actuating sleeve is movably 
coupled to the tubular support mennber that includes a ttiird tubular support body that 

20 defines a slot for receiving and mating with the second L-shaped retaining member of 
the spGt ring collar. 

According to another aspect of the present invention, an adjustat>le expansion 
cone assembly is provided that includes a tubular support member that includes a first 
tubular support body, and an expansion cone support body coupled to the tid)ular 

25 support body. TTie expanston cone support body includes a tapered tubular support 
member defining N slots. An expansion cone assembly is movably coupled to the 
tubular support member that includes a second tubular isupport body movably coupled 
to the first tubular support body defining an L-shaped slot, and N expansion cone 
segments extending from the second tubular support member. Each expansion cone 

30 segment includes a resilient collet coupled to the second tubular support member, an 
expanston cone segment body coupled to the resilient collet including arcuate conical 
outer surfaces, and a reteining member coupled to the expansion cone segment body 
for movably coupling the expansion cone segment body to a corresponding one of the 
slots of the expansion cone support body. A spilt ring collar is movably coupled to the 

35 exterior of the tubular support mennt)er that includes a third tubular support body, a first 
L-shaped retaining member coupled to the third tubular support body for mating with 
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the L-shaped slot of the second tubular support txxly, and a second L-shaped retaining 

^ member coupled to the third tubular support body. A tubular actuate sleeve is 

movably coupled to the tutnilar support member that includes a third tubular support 

_ body that defines a slot for reoeiving and mating with the second L-shaped retainirig 

5 member of the split ring collar. 

_ According to another aspect of the present invention, an adjustatrfe expansion 

cone assembly is provided that includes a tubular support member that Includes a first 
tubular support body, and an expansion cone support body coupled to the tubular 
support body. The expansion cone support body includes a tapered tubular support 
10 member defining N slots. An expansion cone assembly is movably coupled to the 
tubular support member that includes a second tubular support body movably coupled 
to the first tubular support body defining an L-shaped slot, N/2 first expansion cone 
segments extending from the second tubular support memt>er, and N/2 second 
expansion cone segments extending from the second tubular member. Each first 

" 15 expansion cone segment includes a first resilient collet coupled to the second tubular 

support member, a first expansion cone segment body coupled to the resilient collet 
including arcuate conical outer surfaces, and a first retaining member coupled to the 
expansion cone segment body for movably coupling the expansion cone segment body 
to a corresponding one of the slots of the expansion cone support body. Each seoond 
20 expansion cone segment includes a second resilient collet coupled to the second 

v>. tubular support member. a second expansion cone segment body coupled to the 

resilient coHet including arcuate conical outer surfaces, and a second retaining member 

_ coupled to the expansion cone segment body for movably coupling the expansion cone 

segnnent body to a corresponding one of the slots of the expansion cone support body. 

^ 25 The seoond expansion cone segntents overlap and are Interleaved with the fte^ 

expanston owe segments. A spBt ring collar Is movably coupled to the exterbr of the 
tubular support member that includes a third tubular support body, a first L-shaped 
retaining member coupled to the third tubular support body for mating with L-shaped 
slot of the seoond tubular support body, and a second L-shaped retaining member 
30 coupled to the third tubular support body. A tubular actuating sleeve is movably 

coupled to the tubular support member that includes a third tubular support body that 

^ defines a slot for receiving arKi mating with the second L-shaped retaining member of 

the split ring collar. 

— According to another aspect of the present invention, an adjustable expansion 

35 cone assembly is provided that includes a tubular support wmrber that includes a first 
tubular support body, and an expansion cone support body coupled to the first iUbiMstr 
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support body. The expansion cone support t>ody includes an f4-sided tapered tubular 
support member, wherein each side of the multi-sided tapered tubular suppcKt member 
defines a T-shaped slot N/2 first expansion cone segments are movably coupled to 
the expansion cone support body, each including a first expansion cone segment body 
5 including arcuate conical outer surfoces, a first T-shaped retaining member coupled to 
the first expanston cone segment body for movably coupling the first expansion cone 
segment body to a corresponding one of the T-shaped slots of the expansion cone 
support body, and a second T-shaped retaining member coupled to the first expansion 
cone segment t>ody. N/2 second expansion cone segments are also movably coupled 

10 to the expansion cone support body, each including a second expansion cone segment 
body including arcuate conical outer surfaces, a third T-shaped retaining member 
coupled to the second expansion cone segment body for movably coupling the second 
expansion cor^e segment body to a corresponding one of the T-shaped slots of the 
expansion cone support body, and a fourth T-shaped retaining member coupled to the 

15 expansion cone segment t>ody. The first and second expansion cone segments are 
interieaved. The first expansion cone segment bodies are complementary shaped writh 
respect to the second expansion cone segment bodies. A split ring collar assembly is 
movably coupled to the exterior of the tubular support member that includes a second 
tubular support body that defines N T-shaped slots for movably receiving 

20 corresponding ones of the second and fourth T-shaped retaining members of the 
interteaved first and second expansion cone segments, and an L-shaped retaining 
member coupled to the second tubular support body. A tubular actuating sleeve 
movably coupled to the tubular support member that includes a third tubular support 
body that defines a slot for receiving and mating with the L-shaped retaining member of 

25 the spfit ring collar. 

AcoKding to another aspect of the present invention, an apparatus for radially 
expanding a tubular member is provided that includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage, a first lug coupled 
to and extending from the first tubular support body in the radial direction, and a 

30 second lug coupled to and extending from the first tubular support body in the radial 
direction. An adjustable expansion cone assemt>ly is mo^^bty coupled to the tubular 
support member. A first drag block assembly is movably coupled to the tubular support 
member that includes a first drag block body coupled to the adjustable expanston cone 
assembly that defines: a first J-shaped stot for receiving the first lug. and one or more 

35 first drag blocks coupled to the first drag bfock body. A second drag bkKk assembly is 
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movably coupled to the tubular support member that includes a second drag block 
body that defines: a second J-shaped slot for receiving the second lug, and 
one or more second drag blocks coupled to the second drag btock body. First and 
second packer cups are coupled to the tubular support member between the first and 
5 second drag bkx:k assemblies. 

According to another aspect of the present inventton, an apparatus for radially 
expanding a tubular member is provided that includes a tubular support nDember that 
Includes a first tubular support body defining a tongitudinal passage, a first flange 
coupled to the first tubular support t>ody, a second flange coupled to the first tubular 

10 support body, a first tapered flange coupled to the first tubular support body, and a 
second tapered flange coupled to the first tubular support body. An adjustable 
expansion cone assembly is movably coupled to the tubular support member. A first 
collet assembly is movably coupled to the tubular support member that Includes a first 
tubular sleeve coupled to the adjustable expansion cone assembly and defines a first 

1 5 counterbore for receiving the first flange, and a first radial passage, a first spring 
received within the first counterbore, a first retaining ring received within the first 
counterbore, a first load transfer pin coupled to the first retaining ring and extending 
through the first radial passage, a second tubular sleeve coupled to the first toad 
transfer pin, a first resilient collet coupled to the second tubular sleeve and positioned 

20 above the first tapered flange, and a third tubular sleeve coupled to the first resilient 
collet. A second oollet assembly is movably coupled to the tubular support nnember 
that Includes a fourth tubular sleeve tiiat defines: a second counterbore for receiving 
the second flange, and a second radial passage, a second spring received within the 
second countert)ore, a second retaining ring received within the second counterbore, a 

25 second load transfer pin coupled to the second retaining ring and extending through 
the second radial passage, a fifth tubular sleeve coupled to the second load transfer 
pin, a second resilient collet coupled to the fifth tubular sleeve and positioned above 
the second tapered fiange, and a sbdh tubular sleeve coupled to the second resilient 
collet First and second packer cups are coupled to the tubular support memt>er 

30 between the first and second collet assemblies. 

According to another aspect of the present invention, an apparatus for radially 
expanding a tubular member is provided that includes a tubular support mennber that 
includes a first tubular support body defining a longitudinal passage, a first radial 
passage defined in the first tubular support body fiuididy coupled to the k>ngitudinal 

35 passage, a first flange coupled to the first tubular support body, a second flange 
coupled to the first tubular support body, a first tapered flange coupled to the first 
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tubular support body, and a second tapered flange coupled to the first tubular support 
body. An adjustable expansion cone assembly Is movably coupled to the tubular 
support member. A first dog assembly is nnovably coupled to the tubular support 
member that Includes a first tubular sleeve coupled to the adjustable expansion cone 
5 assembly that d^ines: a first oountertxxe for receiving the first flange, and a second 
radial passage, a first spring received within the first oounterbore, a first retaining ring 
received within the first oounterbore, a first load transfer pin coupled to the first 
retaining ring and extending through the second radial passage, a second tubular 
sleeve coupled to the first load transfer pin that defines: a second oounterbore for 

1 0 receiving the first tubular sleeve, a frst resilient dog coupled to the second tubular 
sleeve and positioned adjacent to the first tapered flange. A second dog assembly is 
movably coupled to the tubular support merhber that includes a third tubular sleeve that 
defines a second oounterbore for receiving the second flange; 
a third radial passage, and a fourth radial passage fluidtcly coupled to the first radial 

15 passage, a second spring received within the second oounterbore, a second retaining 
ring received within the second countert^ore. a second load transfer pin coupled to the 
second retaining ring and extending through the third radial passage, a fourth tubular 
sleeve coupled to the second load transfer pin, a second resilient dog coupled to the 
fourth tubular sleeve and positioned adjacent to the second tapered flange. First and 

20 second packer cups are coupled to the tubular support member between the first and 
second dog assemblies. 

According to another aspect of the present Invention, an apparatus for radially 
expanding a tubular member is provided that includes a tubular support member that 
includes a first tubular support body defining a longitudinai passage including a throat 

25 passage, a first radial passage defined in the first tubular support body fluidldy coupled 
to the tongltudinal passage, a first flange coupled to the first tubular support body, and 
a second flange coupled to the first tubular support body that defines: a second radial 
passage defined in the second fiange fiuididy coupled to the longitudinal passage. An 
adjustable expansion cone assembly is movably coupled to the tubular support 

30 member. A dog assembly is movably coupled to the tubular support member that 
includes a first tubular sleeve coupled to the adjustable expansion cone assembly that 
defines a first countertx)re for receiving the first flange, and a third radial passage, a 
spring received within the first countertx)re, a retaining ring received within the first 
counterbore, a load transfer pin coupled to the retaining ring and extending thrcxjgh the 

35 third radial passage, a second tubular sleeve coupled to the first load transfer pin that 
defines: a first counteritxm for receiving the first tubular sleeve, a secorxJ counterbore 
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for receiving and mating with the tapered flange, and includes a third flange that 
defines a third countertxro for receiving the second flange, a fourth countert)ore for 
receiving the second flange, and a fourth radial passage, and a resilient dog coupled to 
the second tid>ular sleeve and positioned adjacent to the tapered flange. First and 

5 second packer cups are coupled to the tubular support menrter t>etween the resilient 
dog and the tNrd flange. 

According to another aspect of the present invention, an apparatus for radially 
expanding a tubular member is provided that includes a tubular support nnember, an 
adjustable expansion cone assembly movably coupled to the tubular support member, 

10 and means for adjusting the adjustable expansion cone assembly. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a tubular support member An adjustable 
expansion cone is movably coupled to the tubular support rmmber that includes a 
plurality of expansion cone segments, and means for guiding the expansion cone 

1 5 segnr^ts on the tubular support member. The assembly further includes means for 
adjusting the adjustable expansion cone. 

According to another aspect of the present invention, a nnetiiod of operating an 
adjustable expansion cone assembly including a plurafity of expansion cone segments 
is provided that IfKludes guiding the expansion cone segments on a tapered body, and 

20 controUably displacing tt^ expanston cone segments along ttie tapered body. 

AoconJing to anottwr aspect of tiie present Invention, a method of operating an 
adjustable expansion cone assembly indudtng a plurality of expansion cone segments 
is provided ttiat includes guiding the expansion cone segments on a mulU-eided 
tapered body, interlocking the expanston cone segments, and oontrollably displadng 

25 ttie expansion cone segments atong the tapered body. 

According to ancrther aspect of ttie present invention, a metiiod of operating an 
adjustable expanston cone assembly including a plurality of expanston cone segments 
is provided ttiat includes resilientiy guiding Vne expansion cone segnnents on a multi- 
sided tapered body, gukling each of the expansion cone segments on opposite sides in 

30 the circunrtferential direction, interlocking ttie expansion cone segments, and 
controUably displacing ttie expansion cone segments along the tap^d body. 

According to anotiier aspect of the present invention, a method of operating an 
adjustable expansion cone assembly including a plurality of expansion cone segments 
is provided that includes dividing the expansion cone segments into first and second 

35 groups of expanston cone segments, interleaving the first and second groups of 

expansion cone segments, overlapping the first and second groups of expanston cone 
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segments, resiliently guiding the expansion cone segments on a multi-sided tapered 
body, guiding each of the expansion cone segments on opposite sides In the 
circumferential direction, and controllably displacing the expansbn cone segments 
along the tapered body. . 
5 According to another aspect of the present invention, a method of operating an 

adjustable expansion cone assembly including a plurality of expansion cone segments 
is provided that Includes dh^iding the expansion cone segments Into first and second 
groups of expansion cone segments, interleave the first and second groups of 
expansion cone segments, guiding the expansion cone segments one mulH-sided 

10 tapered body, and controllably displacing the expansion cone segments along the 
tapered body while also relatively displacing the first and second groups of expansion 
cone segments in opposite directions. 

According to another aspect of the present invention, a method of plastically 
defonning and radially expanding an expandable tubular member using an apparatus 

15 including a tubular support member, an adjustable expansion cone assembly movably 
coupled to the tubular support member, and an actuator movably coupled to the tubular 
support member for adjusting the adjustable expansion cone assembly, is provided that 
mdudes coupling a first end of the expandable tubular member to a tubular structure, 
locking the actuator to the tubular support member of the apparatus, inserting the 

20 apparatus into the first end of the expandable tubular member, moving the actuator and 
the adjustable expansion cone assembly of the apparatus out of the second end of the 
expandable tubular member, reinserting the actuator of the apparatus into the second 
end of the expandable tubular member, unlocking the actuator from the tubular support 
member of the apparatus, rotating the actuator relative to the tubular support member 

25 of the apparatus, and inaeasing the outsMe diameter of the adjustable expanskm cone 
assembly by moving the tubular support member relative to the actuator, the adjustable 
expansion cone assembly and the expandable tubular member, and plastically 
defonning and radially expanding the expandable tubular member by moving the 
adjustable expansion cone assembly through the expandable tubular member. 

30 According to another aspect of the present invention, a method of plasticaliy 

defonning and radially expanding an expandable tubular member using an apparatus 
including a tubular support member, an adjustable expansfon cone assembly movably 
coupled to the tubular support memt)er. and an actuator movably coupled to the tubular 
support member for adjusting the adjustable expansion cone assembly, is provided that 

35 includes coupling a first end of the expandable tubular member to a tubular structure, 
inserting the appanitus into the first end of the expandable tubular member In a first 
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direction, displadng the actuator of the apparatus in a second direction opposite to the 
first direction, applying a iBsiiient biasing force to the adjustable expansion cone 
assembly in the second direction, moving the actuator and the adjustable expansion 
cone assembly of the apparatus out of the second end 6f the expandable tubular 
5 member, reinserting the actuator of the apparatus Into the second end of the 

expandable tubular member in the second direction, incre»ing the outside diameter of 
the acljustable expansion cone assembly by displadng the actuator and the adjustable 
expansion cone assembly relative to ttie expandable tubular member in the first 
direction, and plastically deforming and rsxiially expanding the expandable tubular 
10 member by moving the adjustable expansion cone assenribly through the expandable 
tubular member in the second direction. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a plurality of expansion cone segments, 
means for guiding the expansion cone segments on a tapered body, and means for 
15 contrdlably displadng ttie expansion cone segments along ttie tapered body. 

According to anottier aspect of tiie present invention, an adjustable expansion 
cone assembly is provided that includes a plurality of expansion cone segments, 
means for guiding the expansion cone segments on a multi-sided tapered body, means 
for interlocking the expansion cone segments, and means for controllably displadng 
20 ttie expansion cone segments along the tapered body. 

Accordmg to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that indudes a plurality of expansion cone segments, 
means for reslHenfly guiding the expansion cone segments on a multi-sided tapered 
body, means for guiding each of the expansion cone segments on opposite sMes In ttie 
25 drcumferenfiai direction, means for interlocking ttie expansion cone segments, and 
means for controllably displadng the expanston cone segments atong tiie tapered 
body. 

According to another aspect of ttie present Invention, an adjustable expanston 
cone assembly is provkJed that indudes a plurality of expansion cone segments, 

30 means for divkJing the expansion cone segments into first and secorKi groups of 
expansion cone segments, means for interleaving the first and second groups of 
expansion cone segments, means for overlapping the first and second groups of 
expansion cone segments, means for resillentiy guiding tiie expanston cone segments 
on a multi-sided tapered body, means for guiding each of the expansion cone 

35 segments on opposite sides in the drcumferential direction, and means for controllably 
displacing ttie expanston cone segments along ttie tapered body. 
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According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a plurality of expansion cone segments, 
means for dividing the expansion cone segments into first and second groups of 
expansion cone segments, means for interleaving the first and second groups of 
5 expansion cone segments, means for guiding the expansion cone segments on a multi- 
sided tapered body, and means for controliably displacing the expansion cone 
segments along the tapered body while also relatively displacing the first and second 
groups of expansion cone segments in qpposite directions. 

According to another aspect of the present invention, an apparatus for 

1 0 plastically deforming and radially expanding an expandable tubular member is provided 
that includes a tubular support member, an adjustable expansion cone assembly 
movably coupled to the tubular support member, means for actuating the adjustable 
expansion cone assembly, means for lodging the actuator to the tubular support 
member of the apparatus, means for unloddng the actuator from the tubular support 

1 5 member of the apparatus, and means for increasing the outside diameter of the 

adjustable expansior> cone assembly by moving the tubular support member relative to 
the actuator, the adjustable expansion cone assembly, and the expandable tubular 
member. 

According to another asped of the present invention, an apparatus for 

20 plastically defonning and radially expanding an expandable tubular member is provided 
that includes a tubular support member, an adjustable expansion cone assembly 
movably coupled to the tubular support member, means for actuating the adjustable 
expansion cone assembty, means for displacing the actirator of the apparatus in a first 
direction, means for applying a resilient biasing force to the adjustable expansion oone 

25 assembly when the actuator is displaced in the first direction, and means for increasing 
the outside diarneter of the adjustable expansion oone assembly by displacing the 
actuator and the adjustable expansion cone ass^bly relative to the expandable 
tubular member in a second direction opposite to the first directton. 

Brief Description of the Drawings 

30 Rgs. 1 and 1 a-ld are fragmentary ooss-sectlonal yA&m of an embodiment of 

the placement of an apparatus for radially expanding a tubular member within a tubular 
member within a borehole within a subtenanean formation. 

Fig. 1e is a cross-sectional view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 1 and la-Id. 

35 Fig. If is a cross-sectional view of the expansion cone support txxly of Fig. 1 e. 
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Fig. 1g is a side view of an embodiment of an expansion cone segment for use 
in the apparatus of Figs. 1 and 1a-1d. 

Fig. 1 h is a front view of the expansion cone segment of Fig. 1 g. 

Fig. 1i is a top view of the expansion cone segment of Fig. 1g. 
5 Rg. 1 j is a top view of an emt)odiment of interiodcing expansion cone segments 

for use in the apparatus of Figs. 1 and 1a-1d. 

Fig. 1ic is a top fragmentary circumferential view of an emtxxJiment of the 
coupiing arrangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 1 and la-Id. 
1 0 Figs. 1 1 and 1 m are top schematic views of an embodiment of the coupling 

between the J-slots of the drag blocks and the lugs of the tubular support mennber of 
the apparatus of Figs. 1 and 1a*1d. 

Figs. 2 and 2a-2d are fragmentary cross-sectional illustrations of the apparatus 
of F^s. 1 and 1a-1d during the radial expansion of the tubular number within the 
1 5 tX)rehole within the subterranean formation. 

Figs. 2e and 2f are illustFations of an embodiment of the J-stots of the drag 
blocks and the lugs of the tubular support member of the apparatus of Figs. 2 and 2a- 
2d. 

Figs. 2g and 2h are illustrations of an altemative embodiment of the J-slots of 
20 the drag blocks and the lugs of the tubular support member of the apparatus of Figs. 2 
and 2a-2d. 

Figs. 3 and 3a-3c are fragmentary cross-sectional illustrations of an 
embodiment of the placement of an apparatus for radially expanding a tubular member 
within a welltxm casing within a 'subterranean formation. 
25 Fig. 3d is a cross-secttonal view of an emtxxliment of the expansion oone 

support body of the apparatus of Figs. 3 and 3a-3c. 

Rg. 3e te a cross-sectional view of the expansion cone support body of Fig. 3d. 

Rg. 3f is a side view of an embodiment of an expansion cone segnnent for use 
in the apparatus of Figs. 3 and 3a-3c. 
30 Fig. 3g is a front view of the expanston cone segment of Fig. 3f . 

Rg. 3h is a top view of the expansion cone segment of Fg. 3f. 

Fig. 31 is a top view of an embodiment of interlocking expansion cone segments 
for use in the apparatus of F^s. 3 and 3a-3c. 

Fig. 3j is a top fragmentary circumferential view of an embodiment of the 
35 coupling arrangement t>etween the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 3 and 3a-3c. 
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Rgs. 4 and 4a-4d are fragmentary cross-sectional illustrations of an 
embodiment of the placement of the apparatus of Figs. 3 and 3a-3c including an 
expandable tubular member within an expandable tubular member within a 
subterranean fonnation. 
5 Figs. 5 and 5a-5d are fragmentary cross-sectional illustrations of an 

embodiment of the operation of the apparatus of Figs. 4 and 4a-4d during the radial 
expansion of the expandable tububr member within the borehole within the 
subterranean fbnmation. 

Figs. 6 and 6a^ are fragmentary cross-sectional illustrations of an 
1 0 embodiment of the placement of an apparatus for radially expanding a tubular member 
within a borehole within a subterranean formation. 

Rg. 6e is a cross-sectional view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 6 and 6a-6d. 

Fig. 6f is a cross-secUonal view of the expansion cone support body of Fig. 6e, 
1 5 Fig. 6g is a side view of an embodiment of an expansion cone segment for use 

in the apparatus of Figs. 6 and 6a-6d. 

Fig. 6h is a front view of the expansion cone segment of Fig. 6g. 

Fig. 6i is a top view of the expansion cone segment of Rg. 6g. 

Fig. 6j is a top view of an embodiment of intertoddng expansion cone segments 
20 for use in the apparatus of Figs. 6 and 6a-6d. 

Fig. 6k is a top fragmentary circumferential view of an embodiment of the 
cx)upling arrangement between the expansion cone segments and the split rfng collar 
for use in the apparatus of Figs. 6 and 6a-6d. 

Figs. 7 and 7a-7d are fragmentary cross-sectional illustrations of an 
25 embodiment of the placement of the apparatus of Rgs. 6 and 6a-6d including an 
expandable tubular member within a borehole v^thin a subtenranean fonmation. 

Rgs. 8 and 8a-8d are fragmentary cross-sectional iRustrations of an 
embodiment of the operation of the apparatus of Rgs. 7 and 7a-7d during the radial 
expansion of the e}q)andable tubular member within a borehole within a subterranean 
30 formation. 

Rg. 9 is a fragmentary cross sectional illustration of an entfxxliment of an 
expansion cone assembly irt an unexpended position. 

Rg. 9a is a cross sectional illustration of the expansion cone assembly of Fig. 9. 
Fig. 10 is a fragmentary cross sectional illustration of the expansion cone 
35 assembly of Fig. 9 in an expanded position. 
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Fg. 10a is a cross sectional illustration of the expansion cone assembly of Fig. 

10. 

Fig, 1 1 is a fragmentary cross secHonal illustration of an embodiment of an 
expansion cone assembly in an unexpanded position. 
5 Fig. 1 la is a cross sectional illustration of the expansion cone assembly of Fig. 

11. 

Fig. 12 is a fragmentary cross sectional illustration of the expansion cone 
assembly of Fig. 11 in an expanded position. 

Fig. 12a is a cross sectionai illustration of the expansion cone assembly of Fig. 

10 12. 

Fig, 13 is a fragmentary cross sectional illustralbn of an embodiment of an 
expansion cone assembly in an unexpanded position. 

Fig. 13a is a cross sectional illustration of the expansion cone assembly of Fig. 

13. 

1 5 Fig, 1 3b is a fragmentary top drojmferential illustration of the expansion cone 

segment assembly of Fig. 13 that illustrates the Interleaved sets of collets. 

Fig. 13c is a fragmentary cross sectional illustration of the interleaved collets of 
Rg. 13b. 

Fig. 14 is a fragmentary cross sectional Illustration of the expansion cone 
20 assembly of Fig. 13 in an expanded position. 

Fig. 14a is a cross sectional illustration of the expansion cone assembly of Fig. 

14. 

Rgs. 15 and 15a-15c are fragmentary cross-sectional fllustrations of an 
embodiment of ttie placement of an apparatus for radially expanding a tubular member 
25 within a borehole wittiin a subterranean formation. 

Fig. 15d is a cross-sectional view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 15 and 15a-15c. 

Fig. 15e is a cross-sectional view of the expanston cone support body of Fig. 

15d. 

30 Fig. 1 5f is a side view of an embodiment of an expansion cone segment for use 

in the apparatus of Figs. 1 5 and 1 5a-1 5c. 

Fig. 15g is a front view of the expansion cone segment of Fig. 15f. 

Fig. 15h is a top view of ttie expansion cone segment of Fig. 16f. 

Fig. 151 is a top view an embodiment of interlocking expanston cone 
35 segments for use In tiie apparatus of Figs. 15 and 15a-15a 
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Fig. 15J is a top fragmentary drcumferential view of an embodirmnt dl the 
coupling arrangement between the expansbn cone segments and the split ring cotlar 
for use in the apparatus of Figs. 15 and 15a-15c. 

Figs. 16 and 16a-16c are fragmentary cross-sectional illustrations of an 
emt>odiment of the placement of the apparatus of Figs. 15 and 15a-15J including an 
expandable tubular member within a borehole within a subtenranean fonnation. 

Figs. 17 and 17a-17c are frs^mentary cross-sedional illustrations of an 
embodiment of the operation of the apparatus of Figs. 16 and 16a-16c during the radial 
expansion of the expandable tubular member within a borehole within a subterranean 
formation. 

Rg. 18a is a cross sectional illustratim of an embodiment of a segmented 
expansion cone assembly in an unexpanded position. 

Fig. 18b is a fragmentary circumferential top Illustration of the expansion cone 
and split ring collar of Fig. 1 8a. 

Fig. 18c is a fragmentary cross-sectional illustration of the expansion cone 
support flange of the expansion cone assembly of Fig. 18a. 

Fig. 18d is a cross-sectional illustration of the expansion cone support flange of 
Fig. 18c. 

Fig. 19a is a cross sectional illustration of an embodiment of the segmented 
expansion cone assembly of Fig. 18a in an expanded position. 

Rg. 19b Is a fragmentary circumferential top view of the expansion cone of Fig. 

19a. 

Rgs. 20a-20m are top drcumfersntial views of various attemative embodiments 
of interloddng expansion cone segment geometrtes. 

Detailed Description of the Illustrative Embodiments 

Referring initially to Figs. 1 and la-Id. an embodiment of an apparatus and 
method for radially expanding a tubular member wHi now be described. As fliustrated in 
Figs. 1 and la-Id, a wellbore 100 is positioned in a subterranean fonnation 105. In an 
exemplary embodiment the wellbore 100 may indude a pre-existing cased section 
110. The wellbore 100 may be positioried in any orientation from vertical to horizontal. 

In order to extend the wellbore 100 into the subtenranean formation 105, a drill 
string is used in a well Icnown manner to drill out material from the subterranean 
formation 105 to form a new wellbore se<ten 115. In a preferred embodiment the 
inside diameter of the new wellbore section 1 15 is greater than or equal to the inside 
diameter cX the preexisting wellbore casing 1 10. 



A tubular member 120 defining a passage 120a may then be positioned within 
the weHbore section 1 1 5 with the upper end 1 20b of the tubular member coupled to the 
welibore casing 1 10 and the lower end 120c of the tubular member extending into the 
wellbore secWon. The tubular member 120 may be positioned within the welibore 
5 section 115 and coupled to the wellbore casing 110 in a conventional manner. In a 
preferred embodiment, the tubular member 120 is positioned within the wellbore 
section 1 15 and coupled to the welibore casing 1 10 using one or more of the methods 
and apparatus disclosed in one or more of the following: (1) U.S. patent application 
serial no. 09/454.139, attorney dodtet no. 25791.03.02, filed on 12/3/1999, (2) U.S. 
10 patent application serial no. 09/510,913. attorney dodcet no. 25791.7.02, filed on 
2/23/2000. (3) U.S. patent application serial no. 09/502,350, attorney dodcet no. 
25791.8.02. filed on 2/10/2000. (4) U.S. patent application serial no. 09/440.338. 
attorney dodcet no. 25791.9.02. filed on 1 1/15/1999. (5) U.S. patent application serial 
no. 09/523,460, attorney docket no. 25791.11.02, filed on 3/10/2000. (6) U.S. patent 
15 application serial no. 09/512,895, attomey dodcet no. 25791.12;02, filed on 2/24/2000, 
(7) U.S. patent application serial no. 09/511,941, attomey dodcet no. 25791.16.02, filed 
on 2/24/2000, (8) U.S. patent application serial no. 09/588.946. attomey docket no. 
25791.17.02, filed on 6/7/2000. (9) U.S. patent application serial no. 09/559.122. 
attomey dodcet no. 25791 .23.02. filed on 4/26/2000, (10) PCT patent application serial 
20 no. PCT/USOO/18835. attomey docket no. 25791 .25.02, filed on 7/9/2000. (11) U.S. 
provisional patent application serial no. 60/162,671, attomey dodcet no. 25791.27, fHed 
on 11/1/1999. (12) U.S. provisional patent applkation serial no. 60/154.047. attomey 
docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisnnal patent applkatnn serial 
no. 60/159,082, attomey docket no. 25791.34. filed on 10/12/1999, (14) U.S. 
25 provistonal patent appticatton serial no. 60/159,039, attomey docket no. 25791 .36, filed 
on 10/12/1999, (15) U.S. provistonai patent applteatton serial no. 60/159,033, attomey 
docket no. 25791.37. filed on 10/12/1999, (16) U.S. provistonal patent application serial 
no. 60/212.359. attomey docket no. 25791.38. filed on 6/19/2000, (17) U.& provisional 
patent application serial no. 60/165.228. attomey dodcet no. 25791.39. filed on 
30 1 1/12/1999. (18) U.S. provistonal patent appiicat'on seriai no. 60/221.443. attomey 
docket no. 25791.45. filed on 7/28/2000. (19) U.S. provistonal patent application serial 
no. 60/221.645. attomey docket no. 25791.46. filed on 7/28/2000, (20) U.S. provistonal 
patent applicatton serial no. 60/233,638, attomey docket no. 25791.47. filed on 
9/18/2000. (21) U.S. provistonal patent applicatton serial no. 60/237.334. attomey 
35 docket no. 25791.48. filed on 10/2/2000. (22) U.S. provisional patent application serial 
no. 60/270.007. attomey docket no. 25791 .50, filed on 2/20/2001; and (23) U.S. 
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provisional patent application serial no. 60/262,434. atlomey docket no. 25791.51 , filed 
on 1/17/2001; and (24) U.S. provisional patent application serial no. 60/259.486. 
attorney docket no. 25791.52. filed on 1/3/2001, the disctosures of which are 
incorporated herein by rtferenoe. 

5 As illustrated in Figs. 1 and la-Id, an apparatus 200 for radially expanding a 

tubular member may then be positioned in the new sectton 1 1 5 of the weilbore 1 00 
within the tubular member 120. The apparatus 200 includes a tubular support member 
205 defining an internal passage 205a that is coupled to an end of a tubular coupling 
210 defirAig an internal passage 210a. The other end of the tubular coupling 210 is 

1 0 coupled to an end of a tubular support member 21 5 defining an internal passage 21 5a 
that includes a first lug 215b, a radial passage 215c, a first flange 21 5d, a second 
flange 21 5e, a second lug 21 5f, and an expansion cone support body 21 5g. The other 
end of the tubular support member 215 is coupled to a tubular end stop 220 that 
defines a passage 220a. 

15 As illustrated in Figs. 1e and If. the expansion cone support body 21 5g 

includes a first end 215ga. a tapered hexagonal portion 215gb that includes a plurality 
of T-shaped stots 215gba provided on each of the external faceted surteces of the 
tapered hexagonal portion, and a secorKi end 215gc In an exemplary embodinrmnt, 
the angle of attack of the tapered hexagonal portion ranges from about 35 to 50 

20 degrees for reasons to be described. 

As illustrated in Figs. 1, la-Id, 1g, 1h. and 11, a plurality of expansion cone 
segments 225 are prevkled that include first ends 225a that Include T-shaped retaining 
members 225aa and second ends 225b that include T-shaped retaining membere 
225ba that mate with and are received within corresponding T-shaped slots 215gba on 

25 the tapered hexagonal portion 215gb of the expansion cone support body 215g. flret 
extemal surfaces 225bb. second external surfaces 225bc, and third external surfaces 
225bd. Thus, in an exmnplary embodiment, a total of sbc expansion cone segments 
225 are provMed that are slidably coupled to corresponding sides of the tapered 
iiexagonal portion 215gb of the expansion cone support body. 

30 In an exemplary embodiment the widths of the first extemal surfaces 225bb of 

the expansion cone segments 225 Increase in the direction of the second extemal 
surfaces 225bc, the widths of the second extemal surfaces are substantially constant, 
and the widths of the third extemal surfaces 225bd decrease in the direction of the first 
ends 225a of the expansion cone segments for reasons to be described. In an 

35 exemplary embodiment, the forst extemal surfeices 225bb of the expansion cone 

segmmts 225 taper upwardly in the dlredton of the second extemal surfaces 225bc 
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the second external surfeK^es taper upwardly in the direction of the third external 
surfaces 225bd. and the third external surfaces 225t)d taper downwardly in the 
direction of the first ends 22Sa of the expansion cone segments for reasons to t>e 
descrit)ed. In an exemplary emixxiiment. the angle of attack of the taper of the first 
5 external surfeces 225t)b of the expanston cone segments 225 are greater than the 
angle of attadc of the taper of the second external surfeices 225ba In an exemplary 
emtxxliment, the first and second external surfaces. 225bb and 225bc of the 
expansion done segments 225 are arcuate such that when the expanston cone 
segments 225 are dis^^ced in the directton of the end stop 220» the first and second 

1 0 external surfaces of the expansion cone segments provide a substantially continuous 
outer circumferential surges for reasons to be described. 

As illustrated in Fig. 1j, in an exemplary embodinrient, the external surfaces. 
225bb, 225bc, and 225bd, of the second ends 225b of the expansion cone segments 
225 are adapted to mate with one another in order to interlock adjacent expansion 

15 cone segments. 

As illustrated in Figs. 1, 1a-1d, and 1k, a split ring collar 230 that defines a 
passage 230a for receiving the tubular support member 21 5 is provided that includes a 
first end that includes plurality of T-shgped slots 230b for receiving and mating with 
corresponding T-shaped iBtaining members 225aa of the expanston cone segments 

20 225 and a second end that includes an L-sh^)ed retaining member 230c. In an 
exemplary embodiment, the split ring collar 230 is a conventional split ring collar 
commercially available from Halliburton Energy Senfk:es modiftod in accordance with 
the teachings of the present disdosura 

As illustrated in Figs. 1, la-Id, and 1m, a drag btock assembly 235 that defines 

25 a passage 235a for receiving the tubular support member 21 5 Is provided that includes 
a first end that includes an L-shaped stot 235b for receiving and mating with the L- 
shaped retaining member 230c of the split ring collar 230, one or nrx>re conventional 
drag block elements 235c, and a J-shaped slot 235d induding a retaining slot 235da 
for receiving the second lug 21 5f of the tubular support member 215. In an exemplary 

30 embodiment, the longitudvial axis df the J-shaped slot 235d of the drag btock assembly 
235 is substantially parallel to the tongitudinal axis of the tubular support nnember 215 
for reasons to be described. 

A first conventional padcer cup assembly 240 tfiat defines a passage 240a for 
receiving the tubular support member 215 indudes a first end 240b that mates with the 

35 second flange 21 5e of the tubular support nr»mber. a conventional sealing cup 240c, 
and a second end 240d. A tubular spacer 245 that defines a passage 245a for 
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re(»ving the tubular support member 215 includes a first end 245b that mates with the 
second end 240c of the first packer cup assembly 240 and a second end 245a A 
second conventional packer cup assembly 250 that defines a passage 250a for 
receiving the tubular support member 215 includes a first end 250b that mates with the 
5 second end 245c of the spacer 245. a conventtonal sealing cup i250c and a second 
end 250d that mates with the first fierce 21 5d of the tubidar support men^. 

As Illustrated in Figs. 1, 1a*1dt and 11, a drag btock assembly 255 that defines a 
passage 2S5a for receiving the tubular support member 215 Is provWed that includes a 
first end that includes sealing manors, 255b and 255c one or more conventional drag 

10 block elements 255d, and a J-shaped sk>t 255e including a retaining stot 255ea for 
receiving the first lug 21 5b of the tubular support member 21 5. In an exemplary 
embodiment, the longitudinal axis of the J-shaped slot 255e of the drag btock assembly 
255 is substantially parallel to the longitudinal axis of the tubular support member 21 5 
for reasons to be described. 

15 In an exemplary embodiment, during operation of the apparatus 200, as 

illustrated in Figs. 1 and la-lm, the apparatus may be posittoned in the wellbore 115, 
within the tubular member 120, with the first and second lugs, 215b and 21 5f, 
rsspectively. positioned within the retaining slots. 255ea and 235da, respectively, of the 
J-slots, 255e and 235da, respectively, of the drag block assembly 255 and 235, 

20 respectively. In this manner, the drag block assembly 235 Is maintained in a . 
substantially stationary position relative to the tubular support member 215 thereby 
preventing the expansion cone segments 225 from being displaced downwardly in the 
longitudinal directk>n relative to the tubular support member 215 towards the end stop 
220. Furthennore. in this manner, the drag block assembly 255 is also maintained in a 

25 . substantially stattonary posltton relative to the tubular support member 215 thereby 
preventing the drag block assembly from sealing offthe radial passage 215c. In an 
exemplary embodiment, during the placement of ttie apparatus 200 within the wellbore 
115 and the tubular memt>er 120, the radial passage 215c permits flukiic materials 
outskle of the tubular support memt>er 215 to pass Into the passage 215a thereby 

30 minimizing overpressure conditions within the annuli» outside of the tubular support 
member. 

In an exemplary embodiment, the apparatus 200 is positioned wittiin the 
expandable tubular member 120 such that the expansion cone body 21 5g, Vhe end 
stop 220, and the expansion cone segments 225 extend out of the expandable tubular 
35 memb^. In this manner, the expanston cone segments 225 may he driven up ttie 
tapered hexagonal portion 215gb of the expariston cone body 215g. ttiereby Increasing 
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the outside diameters of the expansion cone segments, without impacting the 
expandable tubular member 120. 

The tubular support member 215 may then be rotated relative to the drag block 
assemblies, 235 and 255, thereby displacing the lugs. 21 5f and 215b. with respect to 
5 the J-shaped slots. 235d and 255e, respectively. The tubular support member 215 
may then be displaced upwardly relative to the drag block assenrdDlies. 235 and 255. in 
the tongitudlnal direction thereby displacing the drag block assemblies downwardly 
relative to the tubular support member. During the longitudinal upward displacement of 
the tubular support member 21 5 relath^e to the drag btock assemblies, 235 and 255, 

10 the drag block assemblies, 235 and 255, are maintained in a substantially stationary 
position with respect to the expandable tubular member 120 by the frictional forces 
exerted by the drag blocks, 235c and 255d, of the drag block assemblies on the 
expandable tubular member, and during the upward longitudinal displacement of the 
tubular support member 215 relative to ttie drag block assemblies, the lugs, 21 5f and 

1 5 21 5b, are guided in a substantially tongitudinal direction by ttie J-slots, 235d and 255e, 
respectively, of the drag block assemblies. 

The downward longitudinal displacement of the drag block assembly 235 
relative to the tubular support member 215 displaces ttie split ring collar 230 
downwardly akxig the expansion cone segments 225. As a result, the expansion 

20 cone segments 225 are driven up the tapered hexagonal portion 215gb of the 

expanston cone support body 215g until ttie end faces of the expanston cone segments 
Impact ttie stop member 220. As a result, ttie outside diameter of ttie expansbn cone 
segments 225 increases, in an exemplary embodiment, once ttie expansion cone 
segments 225 impact the stop member 220. the outer surfeces, 225bb and 225bc, of 

25 the expansim cone segments provide a substantially oontinuotis outer surface in ttie 
circumferential direction having a diameter ttiat is greater ttian ttie insMe cBameter of 
the expandable tubular member 120. The downward longitudinal displacement of ttie 
drag block assembly 255 relative to the tubular support member 215 seals off ttie radial 
passage 215c ttiereby preventing ttie pressurized fluWic material 275 from entering ttie 

30 annulus surrounding the tubular support member 215 ttirough ttie radial passage. 

In an exemplary embodiment, as illustrated in Figs. 2 and 2a-2f, ttie expandable 
tubular member 120 may ttien be radially expanded using ttie apparatus 200 by 
injecting a fluidic material 275 into ttie apparatus ttirough ttie passages 205a, 210a. 
and 215a. The injection of ttie fluidic material 275 may pressurize ttie interior 120a of 

35 the expandable tubular member 120. In addition, because ttie packer cup assemblies. 
240 and 250. seal off an annular region 120aa bekiw ttie packer cup assemblies 

: : : :i: :<: : : :<: :B:r. : : :: n: ::::::::::::::::::: : :i:i:i:i:i:i:i:i:i:i:i:i:i:i:i:i: : n: n: ::::::::: :i: mmmiimmmmmiiMiHsmsmiismimiimmmmSSmsmiSSS: 



25 _ 

between the expandable tubular nnember 120 and the tubular support member 215, the 

injection of the fluidic material 275 may also pressurize the annular region. - 

The continued injection of the fluidic material 275 may then pressurize the 
interior 120a of the expandable tubular member 120 thereby plastically deforming and 
5 radially expanding the expandable tid>ular member off of the expansion cone segments 

225. Because the outer surfeces. 225bb and 225bc of the expansion cone segments ^ 
225 are tapered, the plastic deformation and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is facilitated. ^ 
Furthermore, in an exemplary embodiment, the continued injection of the fluidic 

10 material 275 also pressurizes the annular region 120aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 215 that is bounded on the upper end by the packer cup assembly 
240 and on the lower end by the expansion cone segments 225. Furthenmore, in an 
exemplary embodiment, the pressurization of the annular region 120aa also radially 

15 expands the surrounding portion of the expandable tubularnnember 120. In this 
manner, the plastic defomrtation and radial expansion of the expandable tubular 
member 120 is enhanced. Furthemnore, during operation of the apparatus 200, the ^ 
packer cup assemblies 240 and 250 prevent the pressurized fluUic material 275 from 
passing above aiKl beyond the packer cup assemblies and thereby define the length of 

20 the pressurized annular region 120aa. In an exemplary ^bodiment, the 

pressurization of the annular region 120aa decreases the operating pressures required ^ 
for plastic defbmnaUon and radial expansion of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces, ^ 
225bb and 22Sbc, of the expansion cone segments 225. 

25 The radial expanston of the expandable tubular member 120 may then continue _ 

until the upper end 120b of the expandable tubular member is radially expanded and 
plasttcally deformed along with the overiappng portion of the weilbore casing 1 1 0. 
Because ttie expansion cone segments 225 may be adjustable positioned from an ^ 
outeWe diameter less than the insWe diameter of the expandable tubular member 120 

30 to an outeide diameter substantially equal to the inside dianneter of the pre-existing 
casing 110, the resulting weilbore casing, including the casing 1 10 and the radially 
expanded tubular member 120, created by the operation of the apparatus 200 may 
have a single substantially constant inside diameter thereby provkling a rTK>no-diameter 
weilbore casing. 

35 If the expansion cone segmente 225 become lodged within the tubular member 

120 during the radial expanston process, the tubutar support member 215 may be 
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displaced downwardly In the longitudinal direction and then rotated relative to the drag 
block assemblies, 235 and 255, thei^ positioning the lugs, 21Sb and 215f, within the 
retaining slots, 255ea and 235da^ respectively, of the J-slols, 255e and 235d, 
respectively. As a result, the expansion cone segments 225 may be displaced down 
5 the tapered hexagonal portion 215gb of the expansion cone support body 215g and 
away from the end stop 220 thereby decreasing the external diameter of the expansbn 
cone segments. In this manner, the tubular support member 205, the tubular support 
member 21 0. the tubular support member 21 5, the end stop 220, the expansion cone 
segments 225, the split ring collar 230, the drag block assembly 235, the pack cup 

10 assembly 240. the spacer 245, the packer cup assembly 250, and the drag btock 
assembly 255 may then be removed from the tubular member 120. 

During the radial expansion process, the expansion cone segments 225 may be 
raised out of the expanded portion of the tubular member 120 by applying an upward 
axial force to the tubular support member 215. In a prefenBd embodiment, during the 

15 radial expansion process, the expansion cone segments 225 are raised at 

approximately the same rate as the tubular member 120 is expanded in order to keep 
the tubular member stattonary relative to the new wellbore section 115. In an 
altemative preferred embodiment, the expansion cone segments 225 are maintained in 
a stationary position during the radial expansion process thereby allowing the tubular 

20 member 120 to be radiaUy expanded and plastically deformed off of the expansion 
cone segments 225 and into the new wellbore section 1 1 5 under the force of gravity 
and tte operating pressure of the interior of the tubular member 120. 

In a preferred embodimmt, when the upper end portion of the expandable 
tubular member 120 and the tower portkxi of the wellbore casing 1 1 0 that overiap with 

25 one another are plastically deformed and radially expanded by the expansion cone 
segments 225. the expanston cone segments 225 are displaced out of the wellbore 
100 by both the operating pressure within the interior of the tubular member 120 and a 
upwanjiy directed axial force applied to the tubular support member 205. 

In a preferred embodiment, the operating pressure and flow rate of the fluidic 

30 material 275 is controllably ramped down when the expansion cone segments 225 
reach the upper end portion of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 
defonnation of the expandable tubular nr>ember 120 off of the expanston cone 
segments 225 can be minlnUzed. In a preferred embodiment, the operating pressure is 

35 reduced in a substantially linear fashion from 100% to about 10% during the end of the 
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extrusion process beginning when the expansion cone segments 225 are within about 
5 feet from completion of the extmsion process. 

Alternatively, or in combination, the wail thickness of the upper end portion of 
the expandable tubular member 120 is tapered in order to gradually reduce the 
5 requiried operating pressure for plastically defomiing and radially expanding the upper 
end portion of the tubular member. In this manner, shock toading (rf the apparatus is at 
least reduced. 

Altenriatively. or in combination, a shock absorber is provkled in the tubular 
support member 205 in order to absorb the shock caused by the sudden release of 
10 pressure. The shock absorber may comprise, for example, any conventional 

commercially available shock absorber, bumper sub, or jars adapted for use in wellbore 
operatjons. 

Altematively. or in combination, an expansion cone catching structure is 
f^kled in the upper end portfon of the expandable tubular member 1 20 in order to 

1 5 catch or at least decelerate the expansion cone segments 225. 

Altematively, or in comblnatfon, during the radial expansion process, an upward 
axial force is applied to the tubular support member 215 suffident to plastically deform 
and radially expand the tubular member 120 off of the external surfaces, 225bb and 
225bc, of the expanston cone segments 225. 

20 AltemaUvely, or in combinatkm, in order to facilitate the pressurizatlon of the 

interkM* 120a of the expandable tubular member by the injection of the fluldic materials 
275, the region within the wellbore section 115 below the apparatus 200 may be 
fiuidtely sealed off in a conventk)n manner using, for example, a packer. 

Once the radial expanston process is completed, the tubular support member 

25 205. the tubular support member 210, the tubular support member 215, the end stop 
220, the expanston cone segments 225, the split ring collar 230. ttie drag block 
assembly 235, the pack cup assembly 240, the spacer 245, the packer cup assembly 
250, and the drag block assembly 255 are removed from the wellbore 100. 

In an alternative embodiment, as illustrated in Rgs. 2h and 2i, the J-slots, 235d 

30 and 255e, Include one or more intermediate retaining slots, 235db and 255eb, 

respectively, that permit the relative longitudinal displacement of the tubular support 
member 215 relative to the drag block assemblies, 235 and 255. to be set at one or 
more intermediate stop positions. In this manner, the expansion segments 225 may be 
positioned at one or more intemnediate positions on the tapered hexagonal portion 

35 21 5gb of the expansion cone support body 21 5g thereby permitting the external 
diameter of the expanskm cone segments 225 to be adjusted to one or more 
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intermediate sizes. In this manner, the radial expansion and plastic defomiation of the 
expandable tubular menrtber 120 be provided in different operation stages, each having 
a diff^ent expansion diameter. Furthermore, if the expansion cone segments 225 
become lodged within the expandable tubular member 120, then the position of the 
5 expansion cone segments may be adjusted to provide a smaller outside diameter and 
the radial expansion process may be cmtinued by injectvig the fluidic material 275 
and/or applying an upward axial force to the tubular support member 215* 

Refenlng to Figs. 3 and 3a-3J, an aitemative embodiment of an apparatus 300 
for forming a wellbore casing in a subterranean fbmfiation will now be described. The 

10 apparatus 300 includes a tubular support member 305 defining an internal passage 
305a that is coupled to an end of a tubular coupling 310 defining an internal passage 
31 Oa. The other end of the tubular coupling 31 0 is coupled to an end of a tubular 
support member 315 defining an internal passage 315a that includes a first flange 315b 
having oppositely tapered end-walls. 315ba and 315bb, a second flange 315c, a radial 

15 passage 315d, a third flange 315e, a fourth flange 315f. a fifth flange 315g having 
oppositely tapered end-walls, 315ga and 315gb. a fifth flange 315h. and an expansion 
cone support body 315i. The other end of the tubular support member 315 is coupled 
to a tubular end stop 320 that defines a passage 320a. 

As illustrated in Figs. 3d and 3e, the expansbn cone support body 315i Includes 

20 a first end 315ia» a tapered hexagonal portion 3151b that Includes a plurafity of T- 
shaped slots 315iba provided on each of the extemal faceted surfaces of the tapered 
hexagonal portion, and a second end 31 5ic. In an exempbry embodiment, the angle of 
attack of the tapered hexagonal portion 315ib ranges from about 35 to 50 degrees for 
reasons to be described. 

25 As illustrated in Figs. 3, 3a-3c, and 3f-3h, a pluraDty of expansion cone 

segmmts 325 are provided that Include first ends 325a that include T-shaped retaining 
members 325aa and second ends 325b that include T-shaped retaining members 
325ba that mate with and are received within corresponding T-shaped slots 315iba on 
the tapered hexagonal portion 31 Sib of the expansion cone support body 31 5i. first 

30 extemal surfaces 325bb. second extemal surfaces 325bc. and third extemal surfaces 
325bd. Thus, in an exemplary embodiment a total of sbc expansion cone segments 
325 are provided that are slidably coupled to con^ponding sides of the tapered 
hexagonal portion 31 Sib of the expansion cone support body 3151. 

In an exemplary embodiment the widths of the first extemal surfaces 325bb of 

35 the expansion cone segments 325 increase in the direction of the second extemal 
surfaces 325bc the widths of the second external surfaces are substantially constant 
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and the widths of the third external surfeoes 325bd decrease in the direction of the first 
ends 325a of the expansioii oone segments for reasons to bi9 described. In an 
exemplary emt>odiment, the first external surfeoes 325bb of the expansion cone 
segments 325 taper upwardly in the direction of the second external surfeces 32Sbc, 
5 the second external surfaces taper upwardly In the direction of the third external 
surfeoes 325bd» and the third external surbces 325bd taper downwardly In the 
direction of the first ends 325a of the expansion oone segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 
external surfaces 325bb of the expansion cone segments 325 are greater than the 

1 0 angle of attadc of the taper of the second external surfaces 325ba In an exemplary 
embodiment, the first and second external surfaces. 325bb and 32Sbc of the 
expansion cone segments 325 are arcuate such that when the expansion cone 
segments 325 are displaced in the direclion of the end stop 320, the first and second 
external surfaces of the expansion cone segments provide a substantially oontiriuous 

1 5 outer circumferential surface for reasons to be described. 

As illustrated in Fig. 3i. in an exemplary embodiment, the external surfaces, 
325bb, 325bc, and 325bd, of the second ends 325b of the expansion cone segments 
325 are adapted to mate with one another in onler to interiock adjacent expansion 
cone segments. 

20 A split ring collar 330 that defines a passage 330a for receiving the tubular 

support member 315 Is provMed that Includes a first end that includes plurality of T- 
shaped stots 330b for receiving and mating with corresponding T-shaped retaining 
members 325aa of the expanston cone segments 325 and a second end that includes 
an L*shaped retaining member 330c. In an exemplary embodiment, the split ring collar 

25 330 is a conventional spDt ring collar commercially available from Halliburton Energy 
Services modified in accordance with the teachings of the present dtectosure. 

A collet assembly 335 is provkted that includes a support ring 335a that defines 
a passage 335aa for receiving the tubular support member 315 and is coupled to an 
end of a resilient collet 335b having upper and lower sets of oppositely tapered 

30 shoulders. 335ba and 335bb. and, 335bc and 335bd. respectively, that is positioned 
proximate the fourth fiange 31 5g of the tubular support member 315. The other end of 
the collet 335b is coupled to an end of a tubular sleeve 335c that defines a passage 
335ca. The other end of the tubular sleeve 335c is coupled to an end of a pin 335d. 
The other end of the pin 335d is coupled to a ring 335e that defines a passage 335ea 

35 for receiving the fifth flange 31 5h of the tubular support member 31 5. An end of a 
tubular coupling sleeve 335f that defines a passage 335fa for receiving the tubular 
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support member 31 5 is received within the opening 335ca of the tubular sleeve 335c 
that includes a recess 335fb for receiving the fifth flange 31 5h of the tubular support 
member 315 and the ring 335e. and a radial passage 335fc fbr receiving the pin 335d. 
Another end of the tubular coupling sleeve 335f includes a passage 33Sfd for receiving 
5 the tubular support member 315 and a slot 335fe for receiving the L-shaped retaining 
member 330c of the split ring collar 330. A ring 335g that defines a passage 335ga for 
receiving the tubular support member 315. a spring 335h. and a ring 3351 that defines a 
passage 335ia for receiving the tubular support member 315 are also received within 
the recess 335fb. The ring 335g is positioned proximate one end of the recess 335flt), 
1 0 the ring 3351 is positioned proxinriate the fifth flange 315h of the tubular support 
member 315 within the other end of the recess, and the spring 335h is positioned 
t>etween the rings. 

A first conventional paclcer cup assembly 340 that defines a passage 340a for 
receiving the tubular support member 315 includes a first end 340b that mates with the 

1 5 fourth flange 31 5f of the tubular support member, a conventional sealing cup 340c. and 
a second end 340d. A tubular spacer 345 that defines a passage 345a for receiving 
the tubular support member 31 5 includes a first end 345b that mates with the second 
end 340d of the first packer cup assembly 340 and a second end 345c. A second 
conventional packer cup assembly 350 that defines a passage 3S0a for receiving the 

20 tubular support member 315 includes a first end 350b that mates with the second end 
345c of the spacer 345. a conventtonal sealing cup 350c, and a second end 350d that 
mates with the third flange 31 5e of the tubular support member. 

A collet assentily 355 is provkJed that Includes a support ring 355a that defines a 
passage 35Saa for receiving the tubular support member 315 and is coupled to an end 

25 of a resHient collet 355b having upper and lower sets of oppositely tapered shouMers, 
355ba and 355bb, and. 355bc and 355bd, respectively, ttiat is positioned proximate the 
firet flange 315b of the tubular support member 315. The other end of the collet 355b 
is coupled to an end of a tubular sleeve 355c that defines a passage 355ca. The other 
end of the tubular sleeve 355c is coupled to an end of a pin 355d. The other end of the 

30 pin 355d is coupled to a ring 355e that defines a passage 355ea for receiving the 
second flange 315c of the tubular support menrtber 315. An end of a tutailar sleeve 
355f that defines a passage 355fa for receiving the tubular support member 315 is 
receh^ed within the opening 355ca of the tubular sleeve 355c that includes a recess 
355fb for receiving the second flange 315c of the tubular support member 315 and the 

35 ring 355e. and a radial passage 355fc for receiving the pin 355d. Another end of the 
tubular sleeve 355f includes a passage 35Sfd for receiving the tubular support member 
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315, a recess 355fe for receiving an encf of the htf>ular sleeve 355c. and sealing 
members 355ff. A ring 355g that defines a passage 355ga for receiving the tubular 
support member 315 and a spring 355h are also received within the recess 355fb. An 
end of the ring 355g \s posittoned proximate the second flange 315c of the tubular 
5 support member 31 5 within an end of the recess 3S5fb and the other end of the ring is 
positioned an end of the spring 355h. The other end of the spring 355h Is positioned 
proximate the other end of the recess 355fb. 

In an exemplary embodiment, during operation of the apparatus 300, as 
illustrated in Figs. 3 and 3a-3j. the apparatus may be initially positioned In the wellbore 

10 100, within the casing 110, with the collet assembKes 335 and 355 petitioned in a 

neutral position in which the radial passage 31 5d of the tubular support member 315 is 
not covered by the tubular sleeve 355f and the expansion cone segments 325 are not 
driven up the tapered hexagonal portion 31 Sib of the expansion cone support body 
3151 of the tubular support member 315 into contact with the stop member 320, In this 

1 5 manner, fluidic materials within the interior 31 5a of the tubular support member 31 5 
may pass through the radial passage 31 5d into the annulus between the apparatus 300 
and the casing 1 10 thereby preventing over pressurization of the annulus. 
Furthermore, in this nrianner. the outside diameter of the expansion cone segments 325 
is less than or equal to the outside diameter of the stop member 320 thereby penmitting 

20 the apparatus 300 to be displaced within the casing 1 10. 

As illustrated in Figs. 4, and 4a-4d, the apparatus 300 may then be positioned 
in the tubular member 1 20. During the insertion of the apparatus into the tubular 
member 120, the upper end 120b of the tubular member may impact the tapered 
shoulders, 335bb and 355bb, of the collets. 335b and 355b, respecth/ely, thereby 

25 driving the collets badcward until the tapered shoulders, 335bd and 3S5bd, of the 

collets are positioned proximate the tapered shoulders, 315ga and 315ba, respectively, 
of the tubular support member. As a result, the support rings, 335a and 355a, the 
collets. 335b and 355b, the tubular sleeves, 335c and 355c, the pins. 335d and 355d, 
the rings, 335e and 355e, and the rings, 335g and 355g, of the collet assemblies, 335 

30 and 355, respectively, are driven backward, compressing the springs, 335h and 355h, 
thereby applying axial biasing forces to the tubular coupling sleeve 335f and the tubular 
sleeve 355f. respectively. In this manner, an axial biasing force is applied to the split 
ring collar 330 and the expansion cone segments 325 that prevents the expansion 
cone segments from being driven up the tapered hexagonal portion 31 Sib of the 

35 expansion cone support body 315i of the tubular support member 315 into contact with 
the stop member 320. Thus, the outside diameter of the expansion cone segments 
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325 is maintained in a position that i$ less than the inside dianrater of the tutHJiar 
nriemt>er 120 thereby pemiitting the apparatus 300 to t>e displaced within the tubular 
member. Furthermore, in this manner, an axial biasing force is applied to the tubular 
sleeve 355f thereby preventing the tubular sleeve from covering the radial passage 

5 315d *m the tubular support member 315. Thus, fluidic materials within the interior 315a 
of the tubular support member 315 may pass through the radial passage 31 5d into the 
annulus between the apparatus 300 and the tubular member 120 thereby preventing 
over pressurization of the annulus. 

The apparatus 300 may then be at least partially positioned in the open hole 

10 section 1 1 5a of the wellbore section 1 1 5, l)eyond the lower end 1 20c of the tubular 
member 120. In an exemplary embodiment that portion of the apparatus 300 that 
includes the stop member 320. the expanston cone segments 325, the split ring collar 
330, the collet assembly 335, the packer cup assembly 340. the spacer 345. the packer 
cup assembly 350, and the collet assembly 355 is then positioned in the open hole 

1 5 section 1 1 5a of the wellbore section 1 1 5, beyond the lower end 1 20 of the tubular 
member for reasons to be described. Because the collets, 335b and 355b, ate 
resilient, once the apparatus 300 has been positioned in the open hole section 1 15a of 
the wellbore section 1 1 5, beyond the lower end 1 20c off the tubular member 1 20, the 
tapered shoulders, 335ba and 35Sba, of the collets may spring outwardly in the radial 

20 direction; 

The apparatus 300 may then be repositioned at least partially back within the 
tubular member 120. During the re-insertton of the apparatus into the tubular member 
120, the lower end 120c of the tubular member may impact the tapered shoukJers, 
335ba and 355ba, of the collets, 335b and 355bp respectively, fliereby driving the 

25 collets forward until tiie tapered shouUers. 335bc and 355bc of the collets are 
positioned proximate the tapered shouMers, 315gb and 315bb, respectively, of the 
tubular support member 315. As a result, ttie support rings. 335a and 355a. the 
collets, 335b and 355b, the tubular sleeves, 335c and 355c, the pins. 335d and 355d, 
Uie rings, 335e and 355e, the tubular coupling sleeve 335f, the tubular sleeve 355f , the 

30 rings, 335g and 355g. and the ring 3351 of the collet assembfies, 335 and 355. 

respectively, are driven fon^ard, Uiereby compressing the springs, 335h and 355h, 
thereby sealing off the radial passage 31 5d and driving the expanston cone segments 
325 up the tapered hexagonal portion 315ib of the expansion cone support body 3151 
of ttie tubular support member 31 5 into contact with the stop member 320. 

35 As a result, the outside diameter of the expansion cone segments 325 is now 

greater than the insMe diameter of expandabte tubular nnember 120 thereby permitting 
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the apparatus 300 to be used to radially expand arid plastically deform the tubular 
member, and fluidic materials within the interior 315a of the tubular support member 
315 may no longer pass through the radial passage 315d into the annulus between the 
apparatus 300 and the tubular member thereby pernritting the interior of the apparatus 
5 to be pressurized. 

The apparatus 300 may then be operated to radial^ expand and plasticaily 
deform the tubular memt>er 120 by applying an upward axial force to the tubular 
support member 315 and/or by. injecting a pressurized fluidic material into the tubular 
support member. 

10 In particular, as Illustrated In Figs. 5 and 5a-^, the expandable tubular member 

120 may then be radially expanded using the apparatus 300 by injecting a fluidic 
material 275 into the apparatus through the passages 305a, 310a, 315a, and 320a. 
The injedion of the fluidic material 275 nr>ay pressurize the interior 120a of the 
expandable tubular member 120. In addition, because the padcer cup assemblies, 340 

15 and 350, seal off an annular region 120aa below the padcer cup assemblies between 
the expandable tubular member 120 and the tubular support member 315, the injection 
of the fluidic material 275 may also pressurize the annular region. 

The continued injection of the fluidic material 275 may then pressurize the 
interior 120a of the expandable tubular member 120 thereby plastically deforming and 

20 radially expanding the expandable tubular menrrii>er off of the expansion cone segments 
325. Because the outer surfeoes, 325bb and 325bc. of the expansion cone segments 
325 are tapered, the plastic defbnmation and radial expansion of the expandable 
tubular mmiber 120 proximate the expansion cone segments facilitated. 
Furthennore, in an exemplary embodiment, the continued Injection of ttie fluidic 

25 material 275 also pressurizes ttie annular region 120aa defined between ttie interior 
surface of the expandable tubular member 120 and ttie exterior surface of the tubular 
support member 315 fliat is bounded on ttie upper end by tiie packer cup assembly 
340 and on ttie lower end by ttie expansion cone segments 325. Furthermore, in an 
exemplary ernbodiment, the pressurizatton of the annular region 120aa also radially 

30 expands at least a portion of the surrounding portion of ttie expandable tubular member 
120. In this manner, the plastic defomiation and radial expansion of the expandable 
tubular member 120 is enhanced. Furttiermore. during operation of ttie apparatus 300. 
ttie padcer cup assemblies 340 and 350 prevent the pressurized fluidic material 275 
from passing above and beyond the packer cup assemblies and thereby define the 

35 lengtti of ttie pressurized annular region 120aa. In an exemplary embodiment, ttie 
prsssurization of the annular region 120aa decre^es the operating pressures required 
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for plastic deformation and radial expansion of the expandable tubular memt>er 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfoces. 
325bb and 325bc, of the expansion cone segments 325. 

The radial expansion of the expendable tubular member 120 may then continue 

5 until the upper end 120b of the expandable tubular member is radially expanded and 
plasticaiiy defbmied along with the overlapping portion of the wellbore casing 110. 
Because the expansion cone segments 325 may be adjustable positioned from an 
outside diameter less than the inside diameter of the expandable tubular member 120 
to an outside diameter substantially equal to the inside diameter of the pre-existing 

10 casing 110, the resulting wellbore casing, indudir^ the casing 110 and the radially 
expanded tubular member 120, created by the operation of the apparatus 300 may 
have a single substantialhy constant inside diameter thereby providing a mono-diameter 
wellbore casing. 

During the radial expansion process, the expansion cone segments 325 may be 

15 raised out of the expanded portion of the tubular nnember 120 by applying an upward 
axial force to the tubular support member 315. In a prefened embodiment during the 
radial expansion process, the expansion cone segments 325 are raised at 
approximately the sanrm rate as the tubular memt>er 120 is expanded in order to keep 
. the tubular member statfonary relative to the new wellbore section 115. 

20 In a prefenred embodiment, wlien the upper end portion of the expandable 

tubular member 120 and the k>wer portion of the wellbore casing 110 that overlap with 
one another are plastk:ally deformed and radially expanded by the expansion cone 
segments 325, the expansion cone segments are displaced out of the wellbore 100 by 
both the operating pressure within the Interior of the tubular memt)er 120 and a 

25 upwardly directed axial force applied to the tubular support member 305. 

in a preferred embodiment the operating pressure and ftow rate of the fluMic 
material 275 is controllably ramped down when the expansion cone segments 325 
raach the upper end portion of the expandable tubular member 1 20. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 

30 deformation of the expandable tubular member 120 off of the expansion cone 

segments 325 can t>e minimized. In a preferred emtx>diment« the operating pressure is 
reduced in a sut}stantially linear fashion from 100% to atxxjt 10% during the end of the 
extruston process beginning when the expansion cone segments 325 are within about 
5 feet frcKn completion of the extrusbn process. 

35 Alternatively, or In combination, the wall thickness of the upper end portfon of 

the expandable tubular member 120 Is tapered in order to gradually reduce the 
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required operating pressure for plastically deforming and radially expanding the upper 
end portion of the tubular memt)er. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or in oombination, a shock absorber is provided in the tubular 
5 support member 305 in order to absorb the shock caused by the sudden release of 
pressure. The shock absort^er may comprise, for example, any conventional 
oommerdally available shock absorber, bumper sub. or jars adapted for use In wellbore 
operatkxis. 

Alternatively, or In combinatton, an expansion cone catching structure Is 

1 0 provWed in the upper end portion of the expandable tubular member 120 in order to 
catch or at least decelerate the expanskm cone segments 325. 

Altemativety, or In combination, during the radial expansion process, an upward 
axial force is applied to the tubular support member 315 sufftelent to plastically deform 
and radially expand the tubular member 120 off of the external surfaces, 225bb and 

1 5 225bc, of the expansion cone segments 325. 

Altemativety. or in combination, in order to fedlitate the pressurization of the 
interior 120a of the expandable tubular member by the injection of the fluidic materials 
275, the region within the wellbore section 115 betow the apparatus 300 may be 
fluWidy sealed off in a convention manner using, for example, a packer. 

20 Once the radial expansion process is completed, the tubular support member 

305. the tubular support member 310, the tubular support member 31 5, the end stop 
320. the expansion cone segments 325. the split ring collar 330, the collet assembly 
335, the packer cup assembly 340, the spacer 345. the packer cup assembly 350, and 
the collet assembly 355 are removed from the wellbores 100 and 1 15. 

25 Referring to Figs. 6 and 6a-6k, an alternative embodiment of an apparatus 400 

for forming a wellbore casing in a subtenanean fonrnatkn wiR now be described. The 
apparatus 400 includes a tubular support member 405 defining an Internal passage 
405a that is coupled to an end of a tubular coupling 410 defining an internal passage 
410a. The other end of the tubular coupling 410 is coupled to an end of a tubular 

30 support member 41 5 defining an internal passage 415a that includes a first flange 
415b, a first radial passage 415c, a second radial passage 415d, a second flange 
41 5e, a stepped flange 41 5f. a third flange 41 5g, a fourth flange 415h, a fifth flange 
41 5i, and an expansion cone body 41 5j. The other end of the tubular support member 
415 is coupled to a tubular end stop 420 that define a passage 420a. 

35 As illustrated In Rgs. 6e and 6f, the expar^ion cone support body 41 5j Includes 

a first end 415ja, a tapered hexagonal portion 415jb that indudes a plurality of T- 
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shaped slots 415jba provided on each of the external faceted surfaces of the tapered 
hexagonal portion, and a second end 415jc. In an exemplary embodiment, the angle of 
attack of the tapered hexagonal portion 415jb ranges from about 35 to 50 degrees for 
reasons to be described. 

5 As illustrated In Figs. 6. 6a-6d, and 6g-6i, a plurality of expansion cone 

segments 425 are provided that indude first ends 425a that include T-shaped retaining 
members 425aa and second ends 425b that include T*shaped retaining members 
425ba that mate with and are received within corresponding T-shaped slots 415jba on 
the tapered hexagonal portion 415jb of the expansion cone support body 41 5j, first 

10 extemal surfaces 425bb. second external surfaces 425bc, and third extemal surfaces 
425bd. Thus, In an exemplary embodiment, a total of six expansion cone segments 
425 are provided that are slidably coupled to corresponding sides of the tapered 
hexagonal portion 415jb of the expansion cone support body 41 5j. 

In an exemplary embodiment, the widths of the first exterrwl surfaces 425bb of 

15 the expansion cone segments 425 increase in the direction of the second extemal 
surfaces 425bc, the widths of the second extemal surfaces are substantially constant, 
and the widths of the third extemal surfaces 425bd decrease in the direction of the first 
ends 425a of the expansion cone segments for reasons to be descril>ed. In an 
exemplary embodiment, the first extemal surfaces 4^bb of the expansion cone 

20 segments 425 taper upwardly in the direction of the second external surfaces 425bc, 
the second extemal surfaces taper upwardly in the direction of the third external 
surfaces 425bd, and the third extemal surfaces 425bd taper downwardly in the 
direction of the first ends 425a of the expansion cone segments for reasons to be 
described. In an exemplary embodiment the angle of attack of the taper of the first 

25 external surfaces 425bb of the expansion cone segments 425 are greater than the 
angle of attack of the taper of the second external surfaces 425bc. In an exemplary 
embodiment, the first and second extemal surfaces. 425bb and 425bc, of the 
expansion cone segments 425 are arcuate such that when the expansion cone 
segments 425 are displaced in the direction of the end stop 420, the first and second 

30 extemal surfaces of the expansk>n cone segments provide a substantially continuous 
outer droimferentiai siffface for re^ons to be descrit>ed. 

As Illustrated in Fig. 6j. in an exemplary embodiment, the extemal surfaces, 
425bb, 425bc and 425bd. of the second ends 425b of the expansion oone segments 
425 are adapted to mate with one another in order to interlock adjacent expansion 

35 cone segments. 
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A split ring collar 430 that defines a passage 430a for receiving the tubular 
support member 415 is provided that includes a first end that includes plurality of T- 
shaped slots 430b for receiving and nrtating with corresponding T-shaped retaining 
members 42Saa of the expansion cone segments 425 and a second end that includes 
5 an L-shaped retaining memlw 430c. In an exemplary embodiment, the spin ring collar 
430 is a conventional spHt ring collar commercially available from IHalliburton Energy 
Services modified in accordance with the teachbigs of the present disclosure. 

A dog assembly 435 is provided that includes a tubular sleeve 435a that defines 
a passage 435aa for receiving the tubular support member 415 that includes a first end 

10 that includes a slot 435ab for recdving and mating with the L-shaped retaining member 
430c of the splH ring collar 430, a radial passage 435ac, and a recess 435ad for 
receiving the fifth flange 41 5a of the tubular support member 415. A second end of the 
tubular sleeve 435a includes a flange 435ae that mates with the fourth flange 41 5h of 
the tubular support member 415. A retaining ring 435b that defines a passage 435ba 

15 for receiving the fifth flange 41 51 is received within the recess 435ad of the tubular 
sleeve 435a and is coupled to an end of a load transfer pin 435c. The opposite end of 
the load transfer pin 435c is received within the radial passage 435ac of the tubular 
sleeve 435a and is coupled to an end of a tubular sleeve 435d that Includes a recess 
435da at a first end for receiving the tubular sleeve 435a, and a radial opening 435dc 

20 for receiving a conventional resilient dog 435e. A spring 435f and a ring 435g that 
defines a passage 435ga for recehring the tubular support member 415 are received 
within the recess 435ad of the tubular sleeve 435a between a first end of the recess 
and the fifth flange 415i of the tubular support member. 

A first conventionai packer cup assembly 440 that defines a passage 440a for 

25 receiving the tubular support member 415 includes a first end 440b that mates with the 
fourth flange 41 Sg of the tubular support member, a oonvenfional sealing cup 440c, 
and a second end 440d. A tubular spacer 445 that defines a passage 445a for 
reoehring the tubular support member 415 includes a first end 445b that mates with the 
second end 440d of the first padcer cup assembly 440 and a second end 445c. A 

30 second conventional packer cup assembly 450 that defines a passage 450a for 

receiving the tubular support member 41 5 includes a first end 450b that mates with the 
second end 445c of the spacer 445. a conventional sealing cup 450c. and a second 
end 450d that mates with the stepped flange 41 5f of the tubular support member. 

A dog assembly 455 is provided that includes a tut>ular sleeve 455a that defines 

35 a passage 455aa for recehring the tubular support member 41 5. A first end of the 
tubular sleeve 455a includes a radial opening 455ab for recehring a conventional 
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resilient dog 455b. A second end of the tubular sleeve 455a includes a recess 455ac 
and B coupled to an end of a load transfer pin 455c. The opposite end of the load 
transfer pin 455c is coupled to a retaining ring 455d that defines a passage 455da for 
receiving the tubular support mennber 415. A tubular sleeve 455e is received within the 
recess 455ac of the tubular sleeve 455a that defines a passage 455ea fbr receiving the 
tubular support nnember 415 and includes a first end that includes a radial passage 
455eb for receiving the load transfer pin 455c and a recess 455ec fbr receiving a spring 
455f. A ring 455g that defines a passage 455ga for receiving the tubular support 
member 41 5 Is further received within the recess 455ec of the tubular sleeve 455e 
between the spring 455f and the second flange 41 5e of the tubular support member 
41 5. A second erxJ of the tubular sleeve 455e includes a radial passage 455ed. 
sealing members. 455ef and 455eg. and a recess 455eh that mates with the first flange 
41 5b of the tubular support member 41 5. 

In an exemplary embodiment, during operation of the apparatus 400, as 
15 illustrated in Figs. 6 and 6a-6k, the apparatus may be initially positioned in the wellbore 
100. within the casing 110, with the dog assembh'es 435 and 455 positioned in a 
neutral position in vkfhich the radial passage 41 5d of the tubular support member 415 is 
Huididy coupled to the radial passage 455ed of the dog assembly 455 and the 
expansion cone segments 425 are not driven up the tapered hexagonal portion 415Jb 
20 of the expansion cone support body 41 5J of the tubular support member 41 5 Into 
contact with the stop member 320. In this manner, fluidic materials within the Interior 
415a of the tubular support member 415 may pass through the radial passages, 415d 
and 45Sed. into the annulus between the apparatus 400 and the casing 110 thereby 
preventing over pressurization of the annulus. Furthenrnore, in this manner, the outside 
25 diameter of the expansion cone segments 425 is less than or equal to the outside 

diameter of the stop member 420 thereby pemnitting the apparatus 400 to be displaced 
within the casing 110. 

As illustrated in F^s. 7. and 7a-7c. the apparatus 400 may then be positioned in 
the tubular member 120. During the insertion of the apparatus into the tubular member 
30 1 20. the upper end 1 20b of the tubular member may impact the ends of the resOient 
dogs, 435e and 455b. of the dog asserrd)lies, 435 and 455, respectively, thereby 
driving the resilient dogs. 435e and 455b. backwards off of and adjacent to one side of 
the flanges, 415h and 415f, respectively. As a result of the backwanJ axial 
displacement of the resilient dog 435e, the tubular sleeve 435d, the pin 435c. the 
35 retaining ring 435b. and the ring 435g of the dog assembly 435 are driven backward 
thereby compressing the spring 435f and applying an axial biasing force to the ^bular 
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sleeve 435a that prevents the expansion cone segnnents 425 from being displaced 
toward the end stop 420. As a result of the backward axial displacement of the resilient 
dog 455b, the tubular sleeve 455a. the pin 455c the retaining ring 455d. and the ring 
455g of the dog assembly 455 are driven backward thereby compressing the spring 
5 455f and applying an axial biasing force to the tubular sleeve 455e that prevents the 
radial passages, 415d and 455ed from being fluidicly decoupled. 

The apparatus 400 may then be at least partially positioned in the open hde 
section 1 15a of the wellbore sectbn 1 15, beyond the lower end 120c of the tubular 
member 120. In an exemplary embodiment, that portion of the apparatus 400 that 

10 includes the stop member 420, the expansion cone segments 425, the split ring collar 
430. the dog assembly 435. the packer cup assembly 440, the spacer 445, the packer 
cup assembly 450, and the dog assembly 455 is then positioned in the open hole 
section 11 5a of the wellbore section 1 1 5, beyond the lower end 1 20 of the tubular 
member for reasons to be described. Because the dogs. 435e and 455b, of the dog 

15 assemblies. 435 and 455, respectively, are resilient, once the apparatus 400 has been 
positfoned in the open hole section 1 1 5a of the wellbore sectten 1 1 5, beyond the lower 
end 1 20c of the tubular member 120, the resilient dogs, 435e and 4S5b, of the dog 
assembHes may spring outwardly in the radial direction. 

The apparatus 400 may then be repositioned at least partially back within the 

20 tubular member 120. During the re-insertion of the apparatus into the tubular member 
120. the kiwer end 120c of the tubular member may impact the ends of the resilient 
dogs, 435e and 455b, of the dog assemblies, 435 and 455, respectiveiy, thereby 
driving the raslllent dogs forward until the resilient dogs are posittoned beyond and 
adjacent to the other side of the flanges, 41 5h and 415f. of the tubular support member 

25 415. 

As a nssult of the ftMrward axial displacement of the resilient dog 435e, the 
tubular sleeve 435a, the retaining ring 435b, the pin 435c the tubular sleeve 435d, the 
spring 435f . and the ring 435g of the dog assembly 435 are displaced in the forward 
axial direction thereby aiso displacing the split ring collar 430 and the expansion cone 
30 segments 425 in the fonward axial direction. As a result, the expansion cone segments 
425 are driven up the tapered hexagonal portion 415jb of the expansfon cone support 
body 41 5j of the tubular support member 415 into contact with the stop member 320. 

As a result of the forward axial displacement of the resilient dog 455b, the 
tubular sleeve 455a. the pin 455c the retaining ring 455d, the tubular sleeve 455e, tiie 
35 spring 455f, and the ring 455g of the dog assembly 455 are driven forward in the axial 
direction thereby fiuididy decoupling the radial passages, 41 5d and 4S5ed, and fluidicly 
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ooupling the radial passages 41 5c and 41 5d. As a result fluidic materials wItMn the 
tubular support member 415 may not pass into the annulus between the tubular 
support member and the Ujbular member 120. 

As a result of the fbnward axial displaoement of the resilient dog 435e, the 
5 outside diameter of the expansion cone segments 425 Is now greater than the inside 
diameter of expandable tubular member 120 thereby permitting the apparatus 400 to 
be used to radially expand and plastically deform the tubular member, and fluidic 
materials within the interior 415a of the tubular support member 415 may no longer 
pass through the radial passages, 415d and 455ed. into the annulus between the 
10 apparatus 400 and the tubular member thereby pennitHng the interior of the apparatus 
to be pressurized. 

The apparatus 400 may then be operated to radially expand and plastically 
deform the tubular member 120 by applying an upward axial force to the tubular 
support member 415 and/or by injecting a pressurized fluidic materfeii into the tubular 

15 support member. 

In particular, as illustrated in Figs. 8 and 8a-8d, the expandable tubular member 
120 may then be radially expanded using the apparatus 400 by injecting a fluidic 
material 275 into the apparatus through the passages 405a» 310a. 415a, and 420a. 
The injection of the fluidic material 275 may pressurize the Interior 120a of the 

20 expandable tubular member 120. in addition, because the packer cup assemblies, 440 
and 450, seal off an annular region 120aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 415. the injection 
of the fluidic material 275 may also pressurize the annular region. 

The continued injection of the fluidto material 275 may then pressurize the 

25 interior 1 20a of the expandable tubular member 1 20 thereby plastically deforming and 
radially expanding the expandable tubule meml>er off of the expansion cone segments 
425. Because the outer surfaces, 425bb and 425bc of the expansion cone segments 
425 are tepered, the plastk: deformation and radial expansion of the expandabte 
tubular member 120 proximate the expansion cone segments is facilitated. 

30 Furthermore, in an exemplary emt>odiment the continued injectk>n of the fluidic 

material 275 also pressurizes the annQlar regkxfi 120aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 415 that is bounded on the upper end by the packer cup assembly 
440 and on the iower end by the expansion cone segnients 425. Furthemnore. in an 

35 exemplary emtKxliment, the pressurlzatton of the annular regton 120aa also radially 
expands at least a portion of the surrounding portion of the expandable tubular member 
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120. In this manner, the ptasBc deformation and radial expare^ 
tubular member 120 Is enhanced. FurthemiofB, during operation oT the apparatus 300, 
the packer cup assemblies 440 and 450 prevent the pressurized fluidic material 275 
from passing above and beyond the packer cup assemblies and thereby define the 
5 length of the pressurized annular region 120aa, In an exemplary embodiment, the 
pressurization of the annular region 120aa decreases the operating pressures required 
for plastic deformation and radial expansion of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces, 
425bb and 425bc, of the expansfon cone segments 425. 

10 The radial expansion of the expandable tubular member 120 may then continue 

until the upper end 120b of the expandable tubular member is radially expanded and 
plastically defomied along with the overiapping portion of the weilbore casing 110. 
Because the expansion cone segments 425 may be adjustably positioned from an 
outside diameter less than the inside diameter of the expandable tubular member 120 

15 to an outside diameter substantially equal to the inside diameter of the pre-existing 
casing 1 10, the resulting wellbore casing, including the casing 1 1 0 and the radially 
expanded tubular member 120, created by the operation of the apparatus 400 may 
have a single substantially constant insMe diameter thereby providing a mono-diameter 
wellbore casing. 

20 During the radial expansion process, the expansion cone segments 425 may be 

raised out of the expanded portion of the tubular member 120 by applying an upward 
axial force to the tubular support member 41 5. In a prefened embodiment, during the 
radial expansion process, the expanston cone segments 425 are raised at 
approximately the same rate as the tubular member 120 is expanded in order to keep 

25 the tubular member stattonary relathre to the new wellbore sectton 115. 

In a prefenred embodiment, when the upper end portton of the expandable 
tubular member 120 and the lower portion of the wellbore casing 1 10 that overiap with 
one another are plastteaily defonned and radially expanded by the expansion cone 
segments 425, the expansion cone segments are displaced out of the wellbore 100 by 

30 both the operating pressure within the interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 405, 

In a prefened embodiment, the operating pressure and flow rate of the fluidic 
material 275 is controllably ramped down when the expansion cone segments 425 
reach the upper end portion of the expandable tubular member 1 20. In this manner. 

35 the sudden release of pressure caused by the complete radial expanston and plastic 
defbnmatton of the expandable tubular member 120 off of the expansion cone 
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segments 425 can be minimized. In a preferred embodiment, the operating pressure Is 
reduced in a substantially linear feishion from 1 00% to about 1 0% during the end of the 
exlnision process beginning when the expansion cone segments 425 are within about 
5 feet from completion of the extrusion process. 
5 Allemativeiy, or In combination, the wall thitkness of the upper end portion of 

the expandable tubular member 120 is tapered in order to gradually reduce the 
required operating pressure for plastically deforming and radially expanding the upper 
end portion of the tubular nnember. In this manner, shock loading of the apparatus is at 
least reduced. 

10 Alternatively, or in combination, a shocl( absorber is provided in the tubular 

support member 405 in order to absorb the shodc caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any conventional 
oommeroaDy available shock absorber, bumper sub, or jars adapted for use in wellbore 
operations. 

15 Alternatively, or in combination, an expansion cone catching structure is 

provided in the upper end portion of the expandable tubular member 120 in order to 
catch or at least decelerate the expanston cone segments 425. 

AHematively, or in combination, during the radial expansion process, an upward 
axial force is applied to the tubular support member 415 sufTident to plastically defomi 

20 and radially expand the tubular member 120 off of the external surfaces, 225bb and 
225bc of the expanston cone segments 425. 

Alternative^, or in combination, in order to tedUtate tfie pressurizatton of the 
interior 120a of the expandable tubular member by ttie injection of ttie fluMIc materials 
275, the region within the weiltx>re section 115 below the apparatus 400 may be 

25 fluldidy sealed off in a convention manner using, for example, a packer. 

Once the radial expansion process is completed, the tubular support member 
405, the tubular support member 410, the tubular support member 415, tiie end stop 
420, the expanston cone segments 425, the split ring collar 430, tiie dog assmbly 435, 
ttie packer cup assembly 440, the spacer 445, the packer cup assembly 450, and tiie 

30 dog assembly 455 are removed from tiie wellbores 1 00 and 1 1 5. 

Referring now to Figs. 9, 9a, 10 and 10a, an embodiment of an adjustable 
expansion cone assembly 500 will be described. The assembly 500 includes a tubular 
support member 505 that defines a passage 505a and Includes a flange 505b, an 
expansion cone support flange assembly 505c, and an end stop 505d. The expansion 

35 cone support flange assembly 505c includes a tubular body SOSca and a pluraKty of 
equally spaced apart expansion cone segmmt support members SOScb that extend 
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outwardly from the tubular body in the radial direction that each include identical bases 
505cba and extensions SOScbb. The support members 505cb further include first 
sections 505cbc having arcuate conical outer surfaces and second sedtons SOScbd 
having arcuate cylindrical outer surfeioes fbr reasons to be described. 
5 An expansion cone segment assembly 510 is provided that includes a tubular 

support SlOa defining a passage 510aa for receiving the tububr support memt}er 505 
and a slot SlOab. A plurality of spaced apart and substantially identical resilient 
expansion cone segnnent collets 510b extend from the tubular support 510a In the axial 
direction that include expansion cone segments SlOba extending therefrom In the axial 

1 0 dire<^on. Each of the expansion cone segments 510ba further include arcuate conical 
expansion surfaces 510t)aa for radially expanding an expandable tubular member. 

A split ring collar 515 is provided that defines a passage 515a fbr receiving the 
tubular support member 505 that Includes an L-shaped retaining memt>er 515b at one 
end for mating with the slot 51 Gab of the tubular support 510a of the expansion cone 

15 segment assembly 510. Another end of the split ring collar 515 includes an L-shaped 
retaining niember 51 5c. A tubular sleeve 520 is provided that defines a passage 520a 
for receiving the tubular support member 505 that includes a slot 520b for receiving the 
L-shaped retaining member 515c of the spBt ring collar 515. 

During operation of the assembly 500, as illustrated in Rgs. 9 and 9a. in an 

20 unexpended position, the expansion cone segments 510ba of the expansion cone 
segment assembly 51 0 are positioned adjacent to the base of the conical section 
SOScbc of the expansion cone segment support members SOScb with the outside 
diarrmter of the expansion cone segments less than or equal to the maximum outside 
diameter of the assembly. As illustrated in Figs. 10 and 10a, the assembly 500 may 

25 then be expanded by displacing the tubular sleeve 520. the split ring collar 515. and the 
expansion cone segment assembly 510 in the axial direction towards the expanston 
cone segment support members 505cb. As a result, the expansion cme segments 
SlOba are driven up the conical section 505cbc of the expansion cone segment 
support members 505cb and then onto the cylindrical section SOScbd of the expansion 

30 cone segment support memt)ers until the expansion cone segments impact the end 
stop 505d. In this manner, the outside diameter of the expansion segments 510ba is 
greater than the maxinmjm diameter of the remaining components of the assembly 500. 
Furthermore, the conical outer surfoces SlObaa of the expansion cone segments 
SlOba may now be used to radially expand a tubular member. Note that the 

35 extensions SOScbb of the expansion cone segment support members SOScb provide 
support In the drcumferential direction to the adjacent expansion cone segments 
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51 Oba. In an exemplary embodiment, the outer conical sufaces 510baa of the 
expansion cone s^ments SlOba in the expanded position of the assen^iy 500 provide 
a sid>stantially continuous outer conical surfaces in the drcumferential direction. 
The assembly 500 may then be returned to the unexpended position by 
5 displacing the tubular sleeve 520, the split ring collar 515. and the expansion cone 
segment assembly 510 in the axial direction away from the expansion cone segment 
support members 505cb. As a result, the expansion cone segments 51 Oba are 
displaced off of the cylindrical section 505cbd and the conical sedk>n SOScbc of the 
expansion cone segment support members 505cb. Because the collets 510b of the 

10 expansion cone segment assembly 510 are resilient, the expansion segments 510ba 
are thereby returned to a position in which the outside diameter of the expansion cone 
segments is less than or equal to the maximum diameter of the remaining components 
of the assembly 500. 

In several altemative embodiments, the assembly 500 is incorporated into the 

1 5 assemblies 200. 300 and/or 400. 

Refening now to Figs. 1 1 , 1 1 a, 1 2 and 1 2a, an embodiment of an adjustable 
expansion cone assembly 600 wiD be described. The assembly 600 includes a tubular 
support member 605 that defines a passage 605a and includes an expansion cone 
support flange assembly 605b. and an end stop 605c. The expansion cone support 

20 flange assembly 605b includes a tubular body 605ba and a plurality of equally spaced 
apart expansion cone segment substantially Identical support members 605bb that 
extend outwardly from the tubular body in the radial direction. The support members 
605bb further indude first sections 605bba having arcuate cylindrical outer surfaces, 
second sections 605bbb having arcuate conical outer surfaces, and third sections 

25 605bbc having arcuate cylindrical outer surfaces for reasons to be described. 

An expansion cone segment assembly 610 is provided that indudes a tubular 
support 610a defining a passage 610aa for receiving the tubular support member 605 
and a slot 610ab. A plurality of spaced apart and substantially identical resilient 
expansion cone segment collets 610b extend from the tubular support 610a in the axial 

30 direction that include expansion cone segments 61 Oba extending therefrom in the axial 
direction. Each of the expansion cone segments 610ba furtfier indude arcuate conical 
expansion surfaces 610t>aa for radially expanding an expandable tubular member. 

A split ring collar 615 is provided that defines a passage 615a for receiving the 
tubular support member 605 that indudes an L-shaped retaining member 615b at one 

35 end for mating with the slot 61 Oab of the tubular support 610a of the expansion cone 
segment assembly 610. Another end of the split ring cellar 615 indudes an L-shaped 
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retaining memba* 615a A tubular sleeve 620 is provided that defines a passage 620a 
for receiving the tubular support member 605 that tndudes a slot 620b for receiving the 
L-shaped retaining member 61 5c of the split ring collar 61 5. 

During operation of the assembly 600, as illustrated in Figs. 1 1 and 1 la, in an 
5 unexpended position, the expansion cone segments 610ba of the expansion cone 
segment assembly 610 are positioned on the cyHndrical section 605bba, adjacent to 
the base of the conical section 605bbb. of the expansion cone segment support 
members 605bb with the outside diameter of the expansion cone segments less than 
or equal to the maximum outside diameter of the assembly. As illustrated in Figs. 12 

10 and 12a, the assembly 600 may then be expanded by displacing the tubular sleeve 
620. the split ring collar 615. and the expansion cone segment assembly 610 In the 
axial direction towards the expansion cone segment support members 605bb. As a 
result, the expansion cone segments 610ba are driven up the conical section 605bbb 
of the expansion cone segment support members 605bb and then onto the cylindrical 

1 5 section 605bbc of the expansion cone segment support members until the expansion 
cone segments impact the end stop 605c. In this manner, the outside diameter of the 
expansion segments 610ba is greater than the maximum diameter of the remaining 
components of the assenr^ly 600. Furthermore, the conical outer surfaces 610baa of 
the expansion cone segments 610ba may now be used to radially expand a tubular 

20 member. In an exempiary embodiment, the outer conical surfeces 610baa of the 

expansion cone segments 610ba in the expanded position of the assembly 600 provide 
a substantially continuous outer conical surfaces in the drcumferentiai direction. 

The assembly 600 may then be returned to the unexpended position by 
displacing the tubular sleeve 620, ^ split ring collar 615, and the expansion cone 

25 segment assembly 610 in the axial dvecSon away from ttie expansion cone segment 
support members 605bb. As a result, the expansion cone segments 610ba are 
displaced off of the cyiindrical section 605bbc and the conical section 605bbb and back 
onto the cylindrical secSon 605bba of the expansion cone segment support members 
605bb. Because the collets 610b of the expansion cone segment assembly 610 are 

30 resilient, the expansion segments 610ba are thereby returned to a position in which the 
outside diameter <rf the expansion cone segments fe less than or equal to the maximum 
diameter of the remaining components of the assembly 600. 

In several alternative embodiments, the assembly 600 is incorporated into the 
assemblies 200, 300 and/or 400. 

35 Referring now to Figs. 13, 13a, 13b. 13c 14 and 14a, an embodiment of an 

a(4'ustable expansion cone assembly 700 ^11 be described. The assembly 700 
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includes a tubular support member 70S that defines a passage 705a and includes an 
expansion cone support flange assembly 705b, and an end stop 705a The expansion 
cone support flange assembly 705b Indudes a tubular body 705ba and a plurality of 
equally spaced apart expansion cone segment substantially identicai support members 
5 705bb that extend outwardly from the tubular body in the radial direction. The support 
members 705bb further include first sections lOSbtoa having arcuate cyHndricai outer 
surfaces, second sections 705bbb having arcuate conical outer surfaces, and third 
sections 705bbc having arcuate cylindrical outer suifeioes for reasons to be described. 
An expansion cone segment assembly 710 is provided that includes a first 

1 0 tubular support 71 Oa defining a passage 71 Oaa for receiving the tubular support 

member 705 that includes a siot 710ab and a second tubular support 710b defining a 
passage 710ba for receiving the tubular support member 705 that indudes a plurality of 
spaced apart and substantially identicai axial slots 710bb. A plurality of spaced apart 
and substantially identical resilient expansion cone segment collets 710ac extend from 

15 the first tubular support 710a in the axial direction and are received v^thin 

corresponding ones of the axial slots 71 Obb in the second tubular support 71 Ob that 
include substantially identicai expansion cone segments 710aca extending therefrom in 
the axial direction. A plurality of spaced apart and substantially identical resilient 
expansion cone segment collets 710bc extend from the second tubular support 710b in 

20 the axial direction that are interteaved and overiap with the expansion cone segment 
collets 710ac and that include substantially identical expansion cone segments 710bca 
extending therefixxn in the axial direction. Each of the expansion cone segments. 
710aca and 710bca, further include arcuate conical expansion surfaces, 710acaa and 
710bcaa, respectively, for radially expanding an expandable tubular member. A 

25 plurality of pins 715a-715d couple the expansion cone segment collets 710ac to the 
second tubular support 710b. 

A split ring collar 720 is provided that defines a passage 720a for receiving the 
tubular support member 705 that indudes an L-shaped retaining member 720b at one 
end for mating with the slot 710ab of the first tubular support 710a of the expansion 

30 cone segment assembly 710. Another end of the split ring collar 720 includes an L- 
shaped retaining member 720c. A tubular sleeve 725 is provided that defines a 
passage 725a for receiving the tubular support member 705 that includes a slot 725b 
for receiving the L-shaped retaining member 720c of the split ring collar 720. 

During operation of the s^embiy 700, as illustrated in Figs. 13, 13a, 13b. and 

35 13c, in an unexpanded position, the expansion cone segments 71Qaca of the 
expansion cone segment assembly 710 overiap with and are positioned over the 
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expar^ion cone segments 710bca of the expansion cone segment assembly, adjacent 
to the base of the conical section TOSbbb, of tlie expansion cone segment support 
members ZOSbb with the outside diam^er of the expansion cone segments less than 
or equal to the maxbmim outside diameter of the assembly. As illustrated in Figs. 14 
5 and 14a, the assembly 700 may then be expanded by displacing the tubular sleeve 
725, the split ring collar 720, and the expansion cone segment assembly 710 in the 
axial direction towards the expansion oone segment support members 705bb. As a 
result, the expansion cone segments. 710aca and 710bca, are driven up the conical 
section 705bbb of the expansion cone segment support members 705bb and then onto 

1 0 the cylindrical section 705bbc of the expansion cone segment support members until 
the expansion cone segments impact the end stop 705c. In this manner, the outside 
diameter of the expansion segments. 710aca and 710bca, is greater than the 
maximum diameter of the remaining components of the assembly 700. Furthermore, 
the conical outer surfaces, 710acaa and 710bcaa, of the expansion cone segments. 

15 710aca and 710bca, respectively, may now be used to radially expand a tubular 
member. In an exemplary embodiment, the outer conical surfaces, 710acaa and 
710bcaa, of the expansion cone segments. 710aca and 710bca, respectively, in the 
expanded position of the assembly 700 provide a substantially continuous outer conical 
surfaces in the circumferential direction. 

20 The assembly 700 may then be retumed to the unexpended position by 

displacing the tubular sleeve 720. the split ring collar 715, and the expansion cone 
segment ass^nbty 710 in the axial direction away from the expansion cone s^ment 
support members 705bb. As a rssult, the expansion cone segments. 710aoa and 
710bca, are displaced off of the cylindricai section 705bbc and the conical section 

25 705bbb and back orito the cylindricai section 705bba of the expansion cone segment 
support members 705bb. Because the collets. 710ac and 710bc. of the expansion 
cone segment assemtrfy 710 are resilient, the expansion segments, 710aca and 
710bca, are thereby retumed to a position in which the outside diameter of the 
expansion cone segments is less than or equal to the maximum diameter of the 

30 remaining components of the assembly 700. 

In several altenr^tive embodiments, the assembly 700 is Incorporated into the 
assemblies 200, 300 and/or 400. 

Referring to Figs. 15 and 15a-15j, an alternative embodiment of an apparatus 
800 for fbnntng a wellbore casing in a subterranean formation vAW now be described. 

35 The apparatus 800 includes a tubular support member 805 defining an internal 

passage 805a that b coupled to an end of a tubular coupling 810 defining an internal 
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passage 810a. The other end of the tubular coupling 810 is coupled to an end of a 
tubular supfxxt member 61 5 defining an internal passage 81 5a having a throat 
passage 815aa that includes a first radial passage 815b, a first flange 815c having a 
second radial passage 815d. a second flange 815e having opposite shoulders, 815ea 

5 and 815eb, a third flange 815f, and an expansion cone support body 815g. The other 
end of the tubular support member 81 5 is coupled to a tubular end stop 820 that 
defines a passage 820a. 

As illustrated in Figs. 15d and 15e, the expansion cone support body 815g 
includes a first end 815ga, a tapered hexagonal portion 815gb that includes a plurality 

10 of T-shaped slots 81 5gba provided on each of the external faceted surfeces of the 
tapered hexagonal portion, and a second end 815gc. In an exemplary embodiment, 
the angle of attack of the tapered hexagonal portion 815gb ranges from about 35 to 50 
degrees for reasons to t>e described. 

As illustrated In FJgs. 15, 15a-15c, and 15f-15j, a plurality of expansioii cone 

15 segments 825 are provided that include first ends 825a that include T-shaped retaining 
rmmbers 825aa and second ends 825b that include T-shaped retaining members 
825ba that mate with and are received within con^sponding T-shaped slots 815gba on 
the tapered hexagonal portion 81 5gb of the expansion cone support body 81 5g, first 
external surfaces 825bb. second external surface 825bc, and third external surfaces 

20 825bd. Thus, in an exemplary embodiment, a total of six expansion cone segments 
825 are provided that are slidably coupled to corresponding sides of the tapered 
hexagonal portion 815gb of the expansion cone support body 81 5g. 

in an exemplary embodiment, the widths of the first external surfaces 825bb of 
the expansion cone segments 825 increase In the direction of the second external 

25 surfaces 825bc the widths of the second external surfaces are substantially constant 
and the widths of the third external surfaces 825bd decrease in the direcGon cS the first 
ends 825a of the expansion cone segments for reasons to be described. In an 
exemplary embodiment, the first extemal surfeces 825bb of the expansion cone 
segments 825 taper upwardly in the direction of the second external surfaces 825bc 

30 the second extemal surfaces taper upwardly in the direction of the third extemal 
surfaces 825bd. and the third extemal surfaces 825bd taper downwardly in the 
direction of the first ends 825a of the expansion cone segments for reasons to be 
described. In an exemplary embodiment the angle of attack of the taper of the first 
extemal surfaces 825bb of the expansion cone segments 825 are greater than the 

35 angle of attack of the taper of the second extemal surfoces 825bc. In an exemplary 
embodiment, the first and second extemal surfaces. 825bb and 825bc, of the 
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expansion cone segments 825 are arcuate such that when the expansion cone 
segments 825 are displaced in the direction of the end stop 420, the first and second 
external surfaces of the expansion cone segments provide a sut)stantially continuous 
outer circumferential surface for reasons to t>e described. 
5 As illustrated in Rg. 15i, in an exemplary embodiment the external surboes. 

825bb. 825bc. and 825bd, of the second ends 825b of the expansion cone segments 
825 are adapted to mate with one another in order to interlock adjacent expansion 
cone segments. 

A split ring collar 830 that defines a passage 830a for receiving the tubular 

1 0 support member 81 5 is provided that includes a first end that indudes plurality of T- 
shaped slots 830b for receiving and mating with corresponding T-shaped retaining 
members 825aa of the expansion cone segments 825 and a second end that indudes 
an L-shaped retaining member 830c. In an exemplary embodiment, the split ring collar 
830 is a conventipnal split ring collar commerdally available from Halliburton Energy 

1 5 Services modified in accordance with the teachings of the present disdosure. 

A dog assembly 835 is provided that indudes a tubular sleeve 835a that defines 
a passage 835aa for receiving the tubular support member 815 and indudes a slot 
835ab for receiving and mating with the L-shaped retaining member 830c of the split 
ring collar 830, a counterbore 835ac, and a radial passage 835ad. An end of a load 

20 transfer pin 835b passes through the radial passage 835ad and Is coupled to a 

retaining ring 835c that defines a passage 835ca fbr receiving the flange 815f of the 
tubular support member 815 and is received within the counterbore 835ac of the 
tubuteir sleeve. A ring 835d that defines a passage 835da for receiving the tubular 
support member 815 and a spring 835e are also received within the counterbore 835ac 

25 of the tubula- sleeve 835a between the flange 815f and the end of the counterbore: 
The other end of the load transfer pin 835b coupled to an end of a tubular sleeve 
835f that indudes a oountert3ore 835fe for receiving the tubular sleeve 835a, a radial 
passage 835fb fbr receiving a conventional resilient dog 835g, a counterbore 835fc for 
receiving and mating with the flange 815e of the tubular support member 815, a flange 

30 835fd, and a flange 835fe induding counterbores, 835ff and 835fg, that mate with and 
receive the flange 815c of the tubular support member, and a radial passage 835fh, 

A first conventional packer cup assembly 840 that defines a passage 440a for 
receiving the tubular sleeve 835f indudes a first end 840b that mates with the flange 
835fd of the tubular sleeve 835f , a conventional sealing cup 840c and a second end 

35 840d. A tubular spacer 845 that defines a passage 845a for receiving the tubular 
sleeve 835f indudes a first end 845b that mates with the second end 840d of the first 
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packer cup assembly 840 and a second end 845c. A second conventional packer cup 
assembly 850 that defines a passage 850a for receiving the tubular sleeve 835f 
indudes a first end 850b that mates with the second end 845c of the spacer 845, a 
conventional sealing oup 850c, and a second end 850d that mates with the flange 

5 835fe of the tubular sleeve. 

In an exemplary embodiment, during operation of the apparatus BOO, as . 
illustrated in Figs. 15 and 15a-15J, the apparatus may be initially positioned in the 
welibore 100, within the casing 1 10, the dog assembly 835 positioned in a neutral 
position in which the radial passage 815d of the tubutar support member 815 is flukJIdy 

1 0 coupied to the radial passage 835fh of the dog assembly 835 arKl the expansion cone 
segments 825 are not driven up the tapered hexagonal portion 815gb of the expansion 
cone support body 81 5g of the tubular support member 815 Into contact with the stop 
member 320. In this manner, fluidic materials within the interior 815a of the tubular 
support member 81 5 may pass through the radial passages, 815d and 835fh, into the 

1 5 annulus between the apparatus 800 and the casing 1 1 0 thereby preventing over 

pressurization of the annulus. Furthermore, in this manner, the outside demeter of the 
expansion cone segments 825 is less than or equal to the outside diameter of the stop 
member 820 thereby pemnitting the apparatus 800 to be displaced within the casing 
110. 

20 As Illustrated in Figs. 16, and 16a-16c, the apparatus 800 may then be 

posittoned in the tubular member 120. During the insertion of the apparatus into the 
tubular memt>er 120, the upper end 120b of the tubular nnember may impact the end of 
the resilient dog 835g of tne dog assembly 835 thereby driving the resilient dog 835g 
backwards onto the shouMer 815ea of the flange 815e of the tubular support member 

25 815. As a result of the backward axial displacement of the resHlent dog 835g, the 

tubular sleeve 835f, the pin 835b, the retainvig ring 83Sc, the ring 835d, and the spring 
835e of the dog assembly 835 are driven backward thereby compressing the spring 
835e and applying an axial biasing force to the tubular sleeve 835a that prevents the 
expansion cone segnnents 825 from being displaced toward the end stop 820. 

30 The apparatus 800 may then be at least partially positioned in the open hole 

section 1 15a of the welibore section 115, beyond the lower end 120c of the tubular 
member 120. in an exemplary embodiment, that portion of the apparatus 800 that 
includes the stop nnember 820. the expansion cone segments 825, the spTit ring collar 
830, and the dog assembly 835 is then positioned in the open hole section 1 15a of the 

35 welibore section 115. beyond the tower end 1 20 of the tubular member for reasons to 
be described. Because the dog 835g of the dog assembly 835 is resilient, onoe the 
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apparatus 800 has been posittoned in the open hole section 11 5a of the wellbore 
section 1 1 5. beyond the lower end 120c of the tubular nrwmber 120. the resilient dog of 
the dog assembly may spring outwardly in the radial direction. 

The apparatus 800 may then be repositioned at least partially back wirtthin the 
5 tubular member 120. During the rennsertion of the apparatus into the tubular member 
120. the lower end 120c of the tubular member may impact the ends of the resiiient 
dog 835g of the dog assembly 835 thereby driving the resilient dog fbnward until the 
resilient dog is positioned onto the shoulder BISeb of the flange 815e of the tubular 
support member 815. 

10 As a result of the forward axial displacement of the resilient dog 835g, the 

tubular sleeve 835f. the spring 835e. the ring 835d. the ring 835c the pin 835b, and the 
tubular sleeve 835a are displaced in the fbnward axial direction thereby also displacing 
the split ring collar 830 and the expansion cone segnnents 825 in the fonward axial 
direction. As a result, the expansion cone segments 825 are driven up the tapered 

15 hexagonal portion 815gb of the expansion cone support body 815g of the tubular 

support member 81 5 into contact with the stop member 320. Furthemiore, as a result 
of the fonward axial displacement of the tubular sleeve 835f, the radial passages, 81 5d 
and 835fh. are fluidiciy decoupled. As a result fluidic materials within the tubular 
suppwt member 815 may not pass Into the annulus between the tubular support 

20 member and the tubular member 120. 

As a result of the forward axial displacement of the resilient dog 435e. the 
outside diameter of the expansion cone segments 825 Is now greater than the inside 
diameter of expandable tubular member 120 thereby pemnitHng the apparatus 800 to 
be used to radially expand and plastically deform the tubular member, and fluidic 

25 materialswithlnthelnterior815aofthetubularsupportnrember815maynolonger 
pass through the radial passages, 815d and 455ed, into the annulus between the 
apparatus 800 and the tubular member thereby pemnltUng the interior of the apparatus 
to be pressurized. 

The apparatus 800 may then be operated to radially expand and plastically 
30 deform the tubular member 120 by applying an upward axial force to the tubular 

support member 815 and/or by irijecling a pressurized fluidic material Into the tubular 
support member. 

In particular, as illustrated in Figs. 17 and 17a-17c the expandable tubular 
member 120 may then be radially expanded using the apparatus 800 by injecting a 
35 fluidic material 275 into the apparatus through the passages 805a. 810a. 81 5a, and 
820a. The injectbh of the fliddlc material 275 may pressurize the Interior 120a of the 
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expandable tubular member 120. In addition, because the packer cup assemblies. 840 
and 850, seal off an annular region 120aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 815. the IrtjecUon 
of the fluidk: rnaterial 275 may also pressurize the annular regton. 
5 The continued injedton of the fluidic material 275 may then pressurize the 

interior 120a of the expandable tubular member 120 thereby plastically defbnning and 
radially expanding the expandable tubular member off of the expanston cone segments 
825. Because the outer surfaces, 825bb and 825bc of the expanston cone segments 
825 are tapered, the plastic defonnation and radial expansion of the expandable 
10 tubular member 120 proximate the expansion cone segments is facilitated. 
Furthennore, in an exemplary embodiment, the continued injedton of the fluidic 
material 275 also pressurizes the annular region 120aa defined between the Interior 
surface of the expandable tubular member 120 and the exterior surfece of the tubular 
support member 815 that is bounded on the upper end by the packer cup assembly 
15 840 and on the tower end by the expansion cone segments 825. Furthennore, in an 
exemplary embodiment, the pressurization of the annular region 120aa also radially 
expands at least a portton of the sumounding portton of the expandable tubular member 
120. In this manner, the plastic defbmnation and radial expansion of the expandable 
tubular member 120 is enhanced. Furth^more. during operation of the apparatus 300. 
20 the packer cup assemblies 840 and 850 prevent the pressurized fluklic material 275 
from passing above and beyond the packisr cup assemblies and thereby define the 
length of the pressurized annular region 120aa. In an exemplary embodiment, the 
pressurization of the annular regkm 120aa decreases the operating pressures required 
for plasth: defbmnation and radial expanston of the expandable tubular member 120 by 
25 as much as 50% and also reduces the angle of attack of the tapered external surfaces, 
82Sbb and 825bc of the expansion cone segments 825. 

The radial expanston of the expandable tid>ular member 120 may then continue 
until the upper end 120b of the expandable tubular member is radially expanded and 
plastically defomied atong with the overiapping portion of ttie wellbore casing 110. 
30 Because the expanston cone segments 825 may be adjustably positioned from an 
outstoe diameter less than ttie inside diameter of the expandable tubular member 120 
to an outskJe diameter substantially equal to the inskie diameter of the pre-existing 
casing 1 10, ttie resulting wellbore casing, including the casing 1 10 and the radially 
expanded tubular member 120. created by the operation of the apparatus 800 may 
35 have a single substantially constant inside diameter thereby provkiing a mono-diameter 
welibore casing. 

itiitilE^^^^^^^^^^^ 
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During the radial expansion process, the expansion cone segments 825 may t>e 
raised out of the expanded portion of the tubular member 1 20 by applying an upward 
axial force to the tubular support member 815. In a preferred embodiment, during the 
radial expansion process, the expansion cone segments 825 are raised at 
5 approximately the same rate as the tubular member 120 is expanded in order to keep 
the tubuter member stetionary relative to the new weiibore section 115. 

In a preferred embodiment, when the upper end portion of the expandabte 
tubular member 1 20 and tiie lower portion of the weiibore casing 110 that overlap with 
one another are plastically deformed and radially expanded by the expansion cone 
10 segments 825, the expansion cone segments are displaced out of the weliborB 100 by 
both the operating pressure within the interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 405. 

In a preferred embodlnnent, the operating pressure and flow rate of the fluldic 
material 275 is controllably ramped down when the expansion cor>e segments 825 
1 5 reach the upper end portion of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 
defomfiatton of the expandable tubular member 120 off of the expansion cone 
segments 825 can be minimized. In a prefened embodiment, the operating pressure is 
reduced in a substentially linear fashion from 100% to about 10% during the end of the 
20 extrusion process beginning when the expansion cone segments 825 are within atxHJt 
5 feet from completion of the extruston process. 

Attematively, or in combination, the wall thiclcness of the if^per end portion of 
the expandable tubular member 120 is tepered in order to gradually reduce the 
required operating pressure for plasticaUy deforming and radially expanding the upper 
25 end portion of the tubular member in this manner, shodc loading of the apparatus is at 
least reduced. 

Altematively, or in combination, a shod; absorber is provided in the tubular 
support member 805 in order to absorb the shodc caused by the sudden release of 
pressure. The shodc absorber may comprise, for example, any conventional 
30 commercially availat>ie shock absorit)er, bumper sub, or Jars adapted for use in weiibore 
operations. 

Altematively, or In combination, an expansion cone catching stnjcture is 
provided in the upper end portion of the exparKlable tubular member 120 in order to 
catch or at least decelerate the expartsion cone segments 825. 
35 Alternatively, or in combination, during the radial expansion process, an upward 

axial force is applied to the tutHJter support member 815 suffkdent to plastically defonm 
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and radially expand the tubular member 120 off of the extemal surfeces, 225bb and 
225bc, of the expansion cone segments 825. 

Aitaniativeiy, or in combination* in order to fadlitate the pressurization of the 
interior 120a of the expandable tubular member by the injection of the fluidic materials 

5 275, the region within the wellbore sectkKi 1 1 5 below the apparatus 800 may be 
fluididy sealed off in a convention manner using, for example, a packer. 

Once the radial expansion process is completed, the tubular support member 
805, the tubular support menniber 810, the tubular support member 815, the end stop 
820, the expansion cone segments 825, the split ring collar 830, the dog assembly 835, 

10 the packer cup assembly 840. the spacer 845, and the packer cup assennbly 850 are 
removed from the welltK)res 100 and 1 15. 

If the expansion cone segments 825 become lodged within the expandable 
tubular member 120 during the radial expansion process, then a ball 280 may be 
placed in the throat 81 5aa of the passage 81 5a of the tubular support member 815. 

15 The continued injection of the flukilc material 275 folk>wing the placement of the ball 
280 in the throat 815aa of the passage 815a of the tubular support member will then 
pressurize the radial passage 815b and an annular portion 835fga of the counterbore 
835fg. As a result of the pressurization of the annular portion 835^ of the 
countert)ore 8351ig, the tubular sleeve 835f. the pin 835b, the retaining ring 835c, the 

20 ring 835d. the spring B35e. and the tubular sleeve 835a of the dog assembly 835, and 
the split ring collar 830 are driven backward thereby displacing the expanston cone 
segments 825 backwards in the axial direction away from the end stop 820. In this 
manner, the outside diameter of the expansion cone segments 825 is thereby reduced 
and the apparatus 800 may then be removed from the expandable tubular member 

25 120. 

Referring now to Figs. IBa. 18b, 18c and 18d, an embodiment of an adjustable 
expansion cone assembly goO will be described. The assembly 900 includes a tubular 
support member 905 that defines a passage 905a and includes an expansion cone 
support flange assembly 905b that is coupled to an end stop 910 that defines a 

30 passage 910a. The expansion cone support flange assembly 905b includes a first 
tubular end 905ba. a second tubular end 905bb, and an intermediate hexagonal 
conical tubular body 905bc that includes a plurality of substantially identical and equally 
spaced apart expanskMi cone segment support slots 905bcaa-905bcaf on each of the 
facets of the hexagonal tubular tKXIy. 

35 A plurality of first expansion cone segments 915a-91 5c are provMed that 

include T-shaped retaining nnembers 915aa-91Sca that mate with and are movaUy 
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received within the T-shsq)ed slots 905t)caa, 905bcac, and QOSlxae of the hexagonal 
conical tubular Iwdy 906bc of the expansion cone support assembly 905b. T-shaped 
retaining mentbers 915al>915cb, extertor top surfaces 915ao-915cc, exterior top 
surfaces 915ad-915cd. exterior top surfaces 915ae-915oe, exterior top surfaces 915af- 
5 915cf, and exterior top surfaces 915ag-91Scg. In an exemplary embodiment, the 
exterior top surfaces 915ao-915cc and the exterior top surfaces 915Bd-915cd are 
arcuate conical surfaces in which the angle of attack of the exterior top sui^ces 91 5ao- 
91Soc is greater than the angle of attadc of the exterior top surfaces 915ad-915od. 

A pluralify of second expansion cone segments 920a-920c, that are interleaved 

10 with and complementary shaped to the first expansion cone segments 91 5a-91 5c, are 
also provided that include T-shaped retaining members 920aa-920ca that mate with 
and are movably received within the T-shaped slots 905bcab, 905bcad, and 905bcaf of 
the hexagonal conical tubular body 905bc of the expansion cone support assembly 
905b, T-shaped retaining members 920ab-920cb, exterior top surfaces 920ao-920cc, 

15 exterior top surfaces 920ad-920cd, exterior top surfaces 920ae-920ce. exterior top 
surfaces 920af-920cf. and exterior top surfaces 920ag-920cg. In an exemplary 
embodiment, the exterior top surfeces 920ao-920cc and the exterior top surfaces 
920ad-920od are arcuate conical surfeces in which the angle of attack of the exterior 
top surfaces 920ac-920cc Is greater than the angle of attack of the exterior top 

20 surfaces 920ad-920od. 

A split ring collar 925 is provided that defines a passage 925a for receiving the 
tubular support member 905 that includes an L-shaped retaining member 925b at one 
end and another end of the split ring coUar 925 includes T-shaped slots, 925c 925d. 
925e, 925f. 925g. and 925h, for mating with and receiving the T-shaped retaining 

25 members. 915ab. 920ab, 915bb, 920bb. 915cb. and 920cb, of the expansion cone 

segments. 915a. 920a, 915b. 920b, 915c and 920c, respectively. A tubular sleeve 930 
is provided that defines a passage 930a for receiving the tubular support member 905 
and that also includes a skit 930b for receiving and mating with the L-shaped retaining 
member 925b of the spfit ring collar 925. 

30 During operatkm of the assembly 900. as illustrated in Figs. 18a. 18b. 18c and 

18d. in an unexpended position, the expansion cone segments. 915a. 915b. 915c. 
915d, 920a. 920b. 920c. and 920d are positioned adjacent to the base of the 
hexagonal conical tubular body 905bc of the expanskm cone support flange 905b away 
from the end stop 910. In this manner, the outside diameter of the expanskm cone 

35 segments is less than or equal to the maximum outside diarr^ter of the assembly. 
Furthermore, in the unexpended positkwi. the expanston cone segments, 915a. 91 5b. 
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and 91 Sc. are positioned further away from the end stop 910 than the expansion cone 
segments. 920a, 920b, and 920c. 

As illustrated in Figs. 19 and 19a. the assembly 900 may then be expanded by 
displacing ttie tubular sleeve 930 and the split ring collar 925 In the axial direction 
5 towanis the expansion cone segment support members 705bb. As a result, the 
expansion cone segments. 915a, 915b. 915c, 920a, 920b. 920c, are driven up the 
hexagonal conical tubular body 905bc of the expansion cone support flange 905b until 
the expansion cone segments impact the end stop 910. In this manner, the outside 
diameter of the expansion segments, 915a. 915b, 915c. 920a. 920b. and 920c Is 

10 greater than the maximum diameter of the renraining components of the assembly 900. 
Furthemwre. the conical outer surfaces. 91 Sac, 915bc. 91 Sec. 920ac, 920bc, and 
920cc, and the conical outer surfaces, 91 Sad, 915bd, 915cd, 920ad. 920bd. and 920cd 
of the expansfon cone segments. 915a. 915b, 915c. 920a, 920b. and 920c, 
respectively, may now be used to radially expand a tubular member. In an exemplary 

1 5 embodiment, the outer conical surfaces, 91 Sac, 91 Sbc, 91 5cc, 920ac 920bc and 

920cc, and the conical outer surfaces, 915ad, 915bd, 915cd. 920ad. 920bd, and 920cd 
of the expansion cone segments, 915a, 915b. 915c, 920a. 920b, and 920c, 
respectively, in the expanded position of the assembly 900. provide a substantially 
continuous outer conical sur^ces in the circumferential direction. Furthermore, note 

20 that in the expanded position of the assembly 900. the first set of expansion cone 
segments. 915a, 915b. and 915c are brought Into alignment with the secdnd set of 
expansion cone segments. 920a. 920b. and 920& 

The assembly 900 may then be returned to the unexpended position by 
displacing the tubular sleeve 930 and the split ring collar 925 in the axial direction away 

25 from the end stop 91 0. As a result, the expansion cone segments, 91 5a, 91 5b, 91 5c 
920a, 920b. and 920c are displaced away fttmi the end top 910, down the conical 
hexagonal tubular member 905bc and thereby are retumed to a position In which the 
outside diameter of the expansion cone segnnents is less than or equal to the maximum 
diameter of the remaining components of the assembly 900. 

30 In several alternative embodiments, the assembly 900 is incorporated into the 

assemblies 200, 300, 400. and 800. 

Referring to Fig. 20a. an embodiment of an expansion cone segment assembly 
1000 inctudes Interlocking expansion cone segments. 1000a. 1000b, 1000c. lOOOd. 
lOOOe, and lOOOf. 
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Referring to Rg. 20b, an embodiment of an expansion cone segment assembly 
1100 indudes interiocking expansion conesegments, 1100a, 1100b, 1100c, llOOd. 
1100a, andllOOf. 

Referring to Fig. 20c an embodiment of an expansion cone segment assembly 
5 1200 includes interiocking expanston cone segnnents. 1200a, 1200b, 1200c. 1200d. 
1200e, and 1200f. 

Referring to Rg. 20d, an embodiment of an expansion cone segnrmnt assembly 
1300 includes interiocking expanston cone segments, 1300a, 1300b. 1300c, 1300d. 
1300e.and1300f. 

10 Referring to Fig. 20e, an embodiment of an expansion cone segment assembly 

1400 Includes interiocking expanskxi cone segments, 1400a, 1400b. 1400c, 1400d, 
1400e, and 1400f. 

Referring to Fig. 20f, an embodiment of an expansion cone segment assembly 
1500 includes interiocking expansion cone segments, 1500a, 1500b. 1500c, 1500d, 
15 1500e,and1500f. 

Referring to Fig. 20g, an embodiment of an expansion cone segment assembly 
1600 indudes interiocking expansion cone segnDents. 1600a, 1600b. 1600c. 1600d, 
1600e. and 1600f. 

Referring to Fig. 20h, an embodiment of an expansfon cone segment asswnbly 
20 1700 includes interiocking expansion cone segments, 1700a, 1700b, 1700c, 1700d, 
1700e.and1700f. 

Referring to Fig. 20i. an embodiment of an expanskm cone segment assembly 
1800 includes Interiocking expansion cone segments, 1800a, 1800b, 1800c. 1800d, 
1800e,and1800f. 

25 Referring to Fig. 20|, an embodiment of.an expanston cone segment assembly 

1900 includes Interiocking expanston cone segments, 1900a, 1900b, 1900c, 1900d. 
1900e, and1900f. 

Referring to Rg. 20k, an embodiment of an expanston oone segment assembly 
2000 indudes interiocking expansion cone segments, 2000a, 2000b, 2000c, 2000d, 
30 2000e. and 2000f. 

Referring to Fig. 201, an embodiment of an expansion cone segment assembly 
2100 indudes interiocking expansion cone segments, 2100a. 2100b. 2100c, 2100d. 
2100e. and 2100f. 

Referring to Fig. 20m, an embodiment of an expanston cone segment assembly 
35 2200 indudes interiocking expanston cone s^ments. 2200a. 2200b, 2200c, 2200d. 
2200e, and 2200f. 
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The expansion cone segment assemblies 1000, 1100, 1200. 1300. 1400, 1500, 
1600, 1700. 1800, 1900. 2000, 2100. and 2200 provide enhanced operational 
properties such as. for example, effident radial expansion of expandable tubular 
members and durability during operation. 
5 In several altemative embodiments, the design and operational features of Uie 

apparatus 200, 300. 400. 500. 600. 700. 800, 900, 1000, 1 100. 1200, 1300, 1400, 
1500, 1600. 1700. 1800. 1900. 2000. 2100. and 2200 may be combined, in whole or in 
part, and/or the design and operational elements of the apparatus 200. 300, 400, 500, 
600, 700, 800, 900. 1000, 1100, 1200, 1300. 1400, 1500, 1600, 1700, 1800, 1900. 
10 2000, 2100. and 2200 may be interspersed among each other. 

In several altemative embodiments, tiie apparatus 200, 300. 400, 500, 600, 
700, 800, 900, and 1000, 1100, 1200. 1300, 1400. 1500. 1600. 1700. 1800. 1900. 
2000. 2100, and 2200 may be used to fomra or repair wellbore casings, pipelines, or 
sti^jdural supports. 

15 In several altemative embodiments, tt^e apparatus 200, 300. 400. 500, 600, 

700, 800, 900. 1000, 1100. 1200, 1300. 1400. 1500. 1600. 1700. 1800. 1900. 2000. 
2100. and 2200 include two or more expansion cone segments that may be movably 
support and guided on a tapered expansion cons support body that may, for example, 
be conical, or may be a multi-sided t>ody. 

20 In several altemative embodiments, ti)e design and operation of the apparatus 

200. 300. 400. 500. 600. 700, 800. 900. 1000. 1100, 1200. 1300. 1400. 1500. 1600. 
1700, 1800. 1900. 2000. 2100. and 2200 are provided substantially as disclosed In one 
or more of the following: (1) U.S. patent applicaUon serial no. 09/454,139, attorney 
docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent application seriai no. 

25 09/51 0.91 3. attorney docket no. 25791 .7.02, filed on 2/23/2000. (3) U.S. patent 

applteatton serial no. 09^2.350. attomey dock^ no. 25791.8.02, filed on 2J^0^2OQO. 
(4) U.S. patent applteation serial no. 09/440.338, attomey docket no. 25791.9.02, filed 
on i 1/15/1999, (5) U.S. patent applicaUon serial no. 09^23.460. attomey docket no. 
25791 .1 1 .02, filed on 3/10/2000. (6) U.S. patent applteation serial no. 09/512.895. 

30 attomey docket no. 25791 .1 2.02. filed on 2/24/2000. (7) U.S. patent application serial 
no. 09/511.941, attomey docket no. 25791.16.02. filed on 2/24/2000. (8) U.S. patent 
application serial no. 09/588.946. attomey docket no. 25791.17.02. filed on 6/7/2000, 
(9) U.S. patent application serial no. 09/559,122. attomey docket no. 25791.23.02, filed 
on 4/26/2000. (10) PCT patent application serial no. PCT/USOO/18635, attomey dodcet 

35 no. 25791 .25.02. filed on 7/9/2000. (1 1 ) U.S. provlsfonal patent application serial no. 
60/162.671. attomey docket no. 25791.27, filed on 11/1/1999. (12) U.S. provistonal 
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patent application serial no. 60/154,047, attorney docket no. 25791 .29. filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney 
docket no. 25791.34, filed on 10/12/1999, (14) U.S. provistonal patent application serial 
no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
5 provistonal patent application serial no. 60/159,033, attorney docket no. 25791 .37, filed 
on 10/12/1999. (16) U.S. provistonal patent application serial no. 60/212,359, attorney 
docket no. 25791.38. filed on 6/19/2000, (17) U.S. provisional patent application serial 
no. 60/165,228. attorney docket no, 25791.39, filed on 11/12/1999, (18) U.S. 
provisional patent applicatton serial no. 60/221,443, attorney docket no. 25791.45, filed 
10 on 7/28/2000, (19) U.S. provisional patent application serial no. 60/221.645, attorney 
docket no. 25791,46, filed on 7/28/2000, (20) U.S. provisional patent application serial 
no. 60/233,638, attorney docket no. 25791.47. filed on 9/18/2000, (21) U.S. provisional 
patent application serial no. 60/237.334, attorney docket no. 25791.48, filed on 
10/2/2000. (22) U.S. provisional patent application serial no. 60/270,007. attorney 
15 docket no. 25791.50. filed on 2/20/2001; and (23) U.S. provisional patent application 
serial no. 60/262.434, attorney docket no. 25791.51, filed on 1/17/2001; and (24) U.S. 
provisional patent applicatton serial no. 60/259.486, attorney docket no. 25791.52. filed 
on 1/3/2001, ttie disclosures of whk:h are incorporated herein by reference. 

An apparatus for radially expanding a tutnilar member has been described ttiat 
20 bidudes a tubular support member ttiat includes a first tubular support body defining a 
tongitudlnal passage, a first lug coupled to and extending from ttie first tubular support 
body in ttie rsriial direction, a second lug coufried to and exterxling from ttie first tubular 
support body in ttie radial direction, and an expansion cone support body coupled to 
the first tubular support body. The expanston cone support body includes an N-sided 
25 tapered tubidar support member, wherein each side of ttie mutti-sided tapered tubular 
support member defines a T-shaped slot N expansion cone segments are movably 
coupled to the expansion cone support body, eadi Including an expansion cone 
segment body including arcuate conical outer surfaces, a first T-shaped retaining 
member coupled to ttie expansion cone segment body for movably coupling ttie 
30 expansion cone segment body to a corresponding one of the T-shaped slots of ttie 
expanston cone support body, and a second T-shaped retaining member coupled to 
Bie expansion cone segment body. A split ring collar assembly Is movably coupled to 
ttie exterior of ttie tubular support member ttiat inckides a second tubular support body 
defining N T-shaped slots for movably receiving conespondlng ones of ttie second T- 
35 shaped retaining members of ttie expansion cone segments, and an L-shaped 
retaining member coupled to ttie second taibular support body. A first drag btock 
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assembly is movably coupled to the tubular support member that includes a first drag 
block body defining a slot for receiving and mating with the L-shaped retaining member 
of the spHt ring collar, and a first J-shaped sbt for receiving the first lug, and one or 
more first drag blocks coupled to the first drag block body. A second drag btock 
5 assembly is movably coupled to the tubular support member that includes a second 
drag block body defining a second J-shaped stot for receiving the second lug, and one 
or more second drag blocks coupled to the second drag block body. First and second 
packer cups are coupled to the tubular support member between the first and second 
drag block assemblies. 

10 An apparatus for radially expanding a tubular member has also been described 

that includes a tubular support member that includes a first tubular support body 
defining a longitudinal passage, a first flange coupled to the first tubular support body, 
a second fiange coupled fo the first tubular support body, a first tapered flange coupled 
to the first tubular support body, a second tapered flange coupled to the first tubular 

15 support body, and an expansion cone support body coupled to the first tubular support 
body. The expanston cone support body includes an N-sided tapered tuburiar support 
member, wherein each side of the multi-sided tapered tubular support member defines 
a T-shaped slot N expansion cone segments are movably coupled to the expansion 
cone support body, each including an expansion cone segment body including arcuate 

20 conical outer surfeces, a first T-shaped retaining member coupled to the expansion 
cone segment body for movably coupling the expansk>n cone segment body to a 
conresponding one of the T-shaped stots cS the expansk)n cone support body, and a 
second T-shaped retaining member coupled to the expansk>n cone segment body. A 
split ring collar is movably coupled to the exterfor of the tutnjlar support member that 

25 includes a second tubule support body that defines N T-shaped slots for movably 
receiving conresponding ones of the second T-shaped retaining members of the 
expanskxi cone segments, and an L-shaped retaining member coupled to the second 
tubular support body. A first collet assembly ts movably coupled to the tubular support 
member that includes a first tubular sleeve that defines a slot for receiving and mating 

30 with the L-shaped retaining member of the split ring collar, a first countert)ore for 
receiving the first flange, and a first radial passage, a first sprirtg received within the 
first counterbore, a first retaining ring received within the first counterbore, a first load 
transfer pin coupled to the first retaining ring and extending through the first radial 
passage, a second tubular sleeve coupled to the first k>ad transfer pin, a first resilient 

35 collet coupled to the second tubular sleeve and positioned above the first tapered 
flange, and a third tubular sleeve coupled to the first resilient collet A second collet 
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assembly is movably coupled to the tubular support member that indudes a fourth 
tubular sleeve that defines a second oounterbore for receiving the second flange, and a 
second radial passage, a second spring received within the second counterbore, a 
second retaining ring received within the second counteriMve, a second bad transfer 

5 pin coupled to the second retaining ring and extending through the second radial 
passage, a fifth tubular sleeve coupled to the second load transfer pin, a second 
resilient collet coupled to the fifth tulniiar sleeve and positioned above the second 
tapered flange, and a sixth tubular sleeve coupled to the second resilient collet. First 
and second padcer cups coupled to the tubular support member between the first and 

1 0 second collet assennblies. 

An apparatus for radially expanding a tubular member has also been described 
that Indudes a tubular support member that indudes a first tubular support body 
defining a longitudinal passage, a first radial passage defined in the first tubular support 
txxiy fluididy coupled to the longitudinal passage, a first flange coupled to the first 

15 tubular support body, a second flange coupled to the first tubular support body, a first 
tapered flange coupled to the first tubular support body, a second tapered fiange 
coupled to the first tubular support body, and an expansion cone support body coupled 
to the first tubular support body. The expansion cone support body indudes an N- 
sided tapered tubular support member, wherein each side of the multi-sided tapered 

20 tubular support memt>er defines a T-shaped slot N expansion cone segments are 
movably coupled to the expansion cone support txxjy, each induding an expansion 
cone segment body including arcuate conical outer surfaces, a first T^haped retaining 
member coupled to the expansion cone segment body for movably coupling the 
expansion cone segment txxiy to a corresponding one of the T-shaped slots of the 

25 expansion cone support txxly, and a second T-shaped retaining member coupled to 
the expansion cone segment body. A split ring collar is movably coupled to the exterior 
of the tubular support member that Indudes a second tubular support body that defines 
N T-shaped slots for movably receiving conresponding ones of the second T-shaped 
retaining members of the expansion cone segments, and an L-shaped retaining 

30 member coupled to the secorKl tubular support t>ody. A first dog assembly is movably 
coupled to the tubular support member that indudes a first tubular sleeve that defines a 
slot for receiving and mating with the L-shaped retaining member of the split ring collar, 
a first counterbore for receiving the first flange, and a second radial passage, a first 
spring received within the first counterbore, a first retaining ring received within the first 

35 counterbore, a first load transfer pin coupled to the first retaining ring and extending 
through the second radial passage, and a second tubular sleeve coupled to the first 
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load transfer pin that defines a second counterbore for receiving the first tubular sleeve, 
a first resilient dog coupled to the second tubular sleeve and pmrta'oned adjacent to the 
first tapered flange. A second dog assenrtbiy is movably coupled to the tubular support 
member that includes a third tubular sleeve that defines a second countert^ore for 

5 receiving the second flange, a third radial passage, and a fourth radial passage fluididy 
coupled to the first radial passage, a second spring received within the second 
counterbore. a second retaining ring received within the second countertxKe, a second 
load transfer pin coupled to the second retaining ring and extending through the third 
radial passage, a fourth tubular sleeve coupled to the second load transfer pin, and a 

10 second resilient dog coupled to the fourth tubular sleeve and positioned adjacent to the 
second tapered flange. Rrst and second padcer cups are coupled to the tutMJIar 
support member between the first and second dog assemblies. 

An apparatus for radially expanding a tubular member has also been described 
that includes a tubular support member that includes a first tubular support body 

15 defining a longitudinal passage including a throat passage, a first radial passage 

defined in the first tubular support body fluididy coupled to the longitudinal passage, a 
first flange coupled to the first tubular support body, a second flange coupled to the first 
tubular support body that defines a second radial passage defined in the second flange 
fluididy coupled to the tongitudinal passage, a tapered flange coupled to the first 

20 tobular support body, and an expansion cone support body coupled to the first tobular 
support body. The expansion cone support body indudee an N-sided taper^ tubular 
support member, wherein each side of the multi-sided tapered tubular support member 
defines a T*shaped slot N expansion cone segments are movably coupled to the 
expansion conie support body, each induding an expansion cone segment txxly 

25 induding arcuate conical outer sifffaoes, a first T-shaped retaining member coupled to 
the expansion cone segment bo4y for movably coupling the expansion cone segment 
body to a corresponding one of the T-shaped slots of the expanston cone support 
body, and a second T-shaped retaining member coupled to the expansion cone 
segment body. A split ring collar is movably coupled to the exterior of the tubular 

30 support number that indudes a second tubular support body that defines N T-shaped 
slots for movably r^seiving corresponding ones of the second T-shaped retaining 
members of the expansion cone segments, and an L^shaped retaining member 
coupled to the second tubular support body. A dog assembly is movably coupled to 
the tubular support member that indudes a first tubular sleeve that defines a slot for 

35 receiving and mating with the L-shaped retaining member of the split ring collar, a first 
counterbore for receiving the first flange, and a third radial passage, a spring received 
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within the first counterbore. a retaining ring received within the first oounterbore, a load 
transfer pin coupled to the retaining ring and extending through the third radial 
passage, a second tubular sleeve coupled to the first load transfer pin that defines a 
first oounterbore for receiving the first tubular sleeve, a second oounterbore for 

5 receiving and mating with the tapered flange, and includes a third flange that defines a 
third countBTtxm for receiving the second flange, a fourth countert>ore for receiving the 
second flange, and a fourth radial passage, and a resilient dog coupled to the second 
tubular sleeve and positioned adjacent to the tapered flange. First and second packer 
cups are coupled to the tubular support nienr)ber between the resilient dog and the third 

10 flange. 

An adjustable expansion cone assembly has also been described that includes 
a tubular support member that includes a tubular support body and an expansion cone 
support body coupled to the tubular support body. The expansion cone support body 
includes an N-slded tapered tubular support member, wherein each side of the mutti- 

15 sided tapered tubular support member defines a T-shaped slot. N expansion cone 
segnients are movably coupled to the expansion cone support body, each including an 
expansion cone segment body including arcuate conical outer surfaces, a flrst T- 
shaped retaining member coupled to the expansion cone segment body for movably 
coupling the expansion cone segment body to a corresponding one of the T-shaped 

20 slots of the expansion cone support body, and a second T-shaped retaining member 
coupled to the expansion cone segment body. A split ring collar is movably coupled to 
the exterior of the tubular support member that Includes a second tubular support body 
that defines N T-shaped slots for movably receiving corresponding ones of the second 
T-shaped retaining members of the expansion cone segments, and an L-shaped 

25 rstair^ number coupled to the second tubular support body. A tubular actuating 
sleeve is movat>ly coupled to the tubular support member that includes a third tubular 
support body that defines a slot for recehnng and mating with the L^haped retaining 
member of the split ring collar. 

An adjustable expansbn cone assembly has also been described that includes 

30 a tubular support member that includes a first tubular support body, and an expansion 
cone support body coupled to the tubular support body. The expansion cone support 
body includes a tapered tubular support member defining N stepped slots. An 
expansion cone assembly te movably coupled to the tubular support member that 
includes a second tubular support body movably coupled to the first tubular support 

35 body defining an L-shaped slot, and N expansion cone segments extending from the 
second tubular support member. Each expartsion cone segment induites a resilient 



collet coupled to the second tubular support memi)er, an expansion cone segment 
body coupled to the resilient ooUet including arcuate conical outer surbces. and a 
retaining niember coupled to the expansion cone ^gment tmly for movably coupBng 
the expansion cone segment body to a conresponding one of the stepped slots of the 

5 expansion cone support body. A split ring collar is movably ooupted to the extmor of 
the tubular support member that includes a third tubular support body, a first L*shaped 
retaining member coupled to the third tubular support body formating with the L- 
shaped slot of the second tubular support body of the expansion oone assembly, and a 
second L*shaped retaining member coupled to the third tubular body. A tubular 

10 actuating sleeve is movably coupled to the tubular support member that Includes a third 
tubular support body that defines a slot for receiving and mating v^th the second L- 
shaped retaining member of the split ring collar. 

An adjustable expansion cone assembly has also been described that includes 
a tubular support member that includes a first tubular support body, and an expansion 

15 cone support body coupled to the tubular support body. The expansion cone support 
body includes a tapered tobular support member defining N slots. An expansion cone 
assembly is movably coupled to the tobular support member that includes a second 
tubular support body movably coupled to the first tobular support body defining an L- 
shaped stot and N expansion oone segments extending from the second tobular 

20 support menrAer. Each expansion cone segment includes a resilient collet coupled to 
the second tobutar support member, an expanston cone segment body coupled to the 
resilient collet including arcuate conical outer suifaces, and a retaining member 
ccMjpied to the expansion cone segment body for movaUy coupling the expansion cone 
segment body to a corresponding one of the slcHs of the expansion oone support body. 

25 A split ring collar is movahly coupled to the exterior of the tobular support mend)er that 
includes a third tobular support body, a first L-shaped retaining member coupled to the 
third tubutar support body for mating vrith the L-shaped stot ci the second tobular 
support body, and a second L*shaped retaining member coupled to the third tobular 
support t)ody. A tubular actoating sleeve is movably coupled to the tobular support 

30 member that includes a third tubular support body that defines a stot for receiving and 
mating with the second L-shaped retaining member of the split ring collar. 

An adjustable expanston cone assembly has also been described that includes 
a tubular support member that irKdudes a first tobular support body, and an expansion 
oone support t)ody coupled to the tubular support body. The expansion cone support 

35 body includes a tapered tubular support meml>er defining N slots. An expansion cone 
assembly is movably coupled to the tobular support member that includes a second 
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tubular support body movably coupled to the first tubular support body defining an L- 
shaped slot, first expansion cone segments extending from the second tubular 
support member, and N/2 second expansion cone segnnents extending from the 
second tubular member. Each first expansion cone segment includes a first resilient 
5 collet coupled to the second tubular support merrt)er. a first expansion cone segment 
body coupled to the resilient collet indixiing arcuate conical outer surfaces, and a first 
retaining member coupled to the expansion cone segment body for nwvably coupling 
the expansion cone segment body to a corresponding one of the slots of the expansion 
cone support body. Each second expansion cone segment Includes a second resiOent 

1 0 collet coupled to the second tubular support member, a second expansion cone 

segment body coupled to the resilient collet including arcuate conical outer surfaces, 
and a second retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a corresponding one of the 
slots of the expansion cone support body. The second expansion cone segments 

1 5 overlap and are interleaved with the first expansion cone segments. A split ring collar 
is movably coupled to the exterior of the tubular support member that includes a third 
tubular support body, a first L-shaped retaining member coupled to the third tubular 
support body for mating with L-shaped slot of the second tubular support body, and a 
second L-shaped retaining member coupled to the third tubular support body. A 

20 tubular actuating sleeve is nnovably coupled to the tobufar support member that 

indudies a third tubular support body that defines a slot for receiving and mating with 
the second L-shaped retaining member of the spUt jtrtg collar. 

An adjustable expansion cone assembly has also been descritted that includes 
a tubular support member that includes a first tubular support body, and an expansion 

25 cone support body coupled to the first tubular support body. The expansion cone 

support body includes an N-sided tapered tubular support member, wherein each side 
of the multi-sided tapered tubular support menrtf}er defines a T-shaped slot K/2 first 
expansion cone segments are nK>vably coupled to the expansion cone support body, 
each Including a first expansion cone segment body including arcuate conical outer 

30 surfaces, a first T-shaped retaining member coupled to the first expansion cone 
segment txxiy for movably coupling the first expansion cone segment body to a 
corresponding one of the T-shaped slots of the expanston cone support body, and a 
second T-shaped retaining member coupled to the first expansion cone segment body. 
N/2 second expansion cone segments are also movably coupled to the expansion cone 

35 support body, each including a second expansion cone segment txxJy including 
arcuate cmical outer surfaces, a third T-shapM retsuning member coupled to the 
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second expansion cone segment body for movably coupling the second expansion 
cone segment body to a oonesponding one of the T-shaped slots of the expansion 
cone support body, and a fourth T-^haped retaining member coupled to the expansion 
cone segment body. The first and second expanston cone segments are interleaved. 
5 The first expansion cone segment bodies are complementary shaped with respect to 
the second expansion cone segment bodies. A spFit ring cdiar assembly is nK>vably 
coupled to the exterior of the tubular support member that includes a second tubular 
support body that defines N T-shaped slots for movably receiving corresponding ones 
of the second and fourth T-shaped retaining members of the interieaved first and 

10 second expanston cone segments, and an L-shaped retaining member coupled to the 
second tubular support body. A tubular actuating sleeve movably coupled to the 
tubular support member that includes a third tubular support body that defines a slot for 
receiving and mating with the L-shaped retaining member of the split ring collar. 

An apparatus for radially expanding a tubular member has also been described 

1 5 that includes a tubular support member that includes a first tubular support tKxJy 
defining a longitudinal passage, a first lug coupled to and extending from the first 
tubular support body in the radial direction, and a second lug coupled to and extending 
from the first tubular support body in the radial direction. An adjustable expansion cone 
assembly is movably coupled to the tubular support member. A first drag blocic 

20 assembly is movably coupled to the tubular support member that includes a first drag 
block body coupled to the adjustable expansion cone assembly that defines: a first J- 
shaped slot for receiving the first lug, and one or worn first drag blocks coupled to the 
first drag btock body. A second drag btock assembly Is movably coupled to the tubular 
support member that includes a second drag block body that defines: a second J- 

25 shaped stot for receiving the second lug, and one or more second drag blocks coupled 
to the second drag bk>ck body. First and second packer cups are coupled to the 
tubular support member between the first and second drag block assmiblies. 

An apparatus for radially expanding a tubular member has also t>een described 
that includes a tubular support member that includes a first tubular support body 

30 defining a longitudinal passage, a first flange coupled to the first tubular support body, 
a second flange coupled to the first tubular support body, a first tapered flange coupled 
to the first tubular support body, and a second tapered flange coupled to the first 
tubular support body. An adjustable expansion cone assembly is movably coupled to 
the tubular support member. A first collet assembly is movably coupled to the tubular 

35 support member that includes a first tubular sleeve coupled to the adjustable expansion 
cone assembly and defines a first counlertxn for receiving the first flange, and a first 
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radial passage, a first spring received wtthin the first oountert}ore. a first retainrrig ring 
received within the first countert)ore, a first load transfer pin coupled to the first 
retaining ring and extending through the first radial passage, a second tul>ular sleeve 
coupled to the first load transfer pin. a first resilient collet coupled to the second tutnjlar 
5 sleeve and positioned atx)ve the first tapered flange, and a third tubular sleeve coupled 
to the first resilimt colieL A second odlet assemt>ly is niovably coupled to the tubular 
support member that indiides a fburth tubular sleeve that defines: a second 
countarbore for receiving the second flange, and a second radial passage, a second 
spring received within the second countarbore, a SMond retaining ring received within 

10 the second countert>ore, a second load transfer pin coupled to the second retaining 
ring and extending through the second radial passage, a fifth tubular sleeve coupled to 
the second load transfer pin, a second resilient collet coupled to the fifth tubular sleeve 
and positioned above the second tapered flange, and a sixth tubular sleeve coupled to 
the second resilient collet. First and second packer cups are coupled to the tubular 

15 support member between the first and second collet assemblies. 

An apparatus for radially expanding a hjbular member has also been described 
that includes a tubular support member that includes a first tubular support body 
defining a longitudinal passage, a first radial passage defined in the first tubular support 
body fluididy coupled to the longitudinal passage, a first flange coupled to the first 

20 tubular support body, a second flange coupled to the fvst tubular support body, a first 
tapered flange coupled to the first tubular support body, and a second tapered flange 
coupled to the first tubular support body. An adjustable expansion cone MsemUy is 
niovably ooupted to the tubular support member. A first dog assembly is movably 
coupled to the tubular support member that includes a first tubular sleeve coupled to 

25 the adjustable expansion cone assembly that defines: a first countarbore for receivir^ 
the first flange, and a second radial passage, a first spring received within the first 
countertxxe. a first retaining ring received within the first counterbore, a first load 
transfer pin coupled to the first retaining ring and extending through the second radial 
passage, a second tubular sleeve coupled to the first load transfer pin that defines: a 

30 second counterbore for receiving the first tubular sleeve, a first resilient dog coupled to 
the second tubular sleeve and positioned adjacent to the first tapered flange. A second 
dog assembly is movabiy coupled to the tubular support member that includes a third 
tubular sleeve that defines a second counterbore for receiving the second flange, a 
third radial passage, and a fourth radial passage fluididy coupled to the first radial 

35 passage, a second spring received within the second countert>ore, a second retaining 
ring received within the second oounteritKm, a second load transfer pin coupled to the 
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second retaining ring and extending through the third radial passage, a fourth tubular 
sleeve ooupled to the second load transfer pin, a second resilient dog coupled to the 
fourth tubular sleeve and positioned adjacent to the second tapered flange. Rrst and 
second packer cups are coupled to the tubular support member between the first and 

5 second dog assemblies. 

An apparatus for radially expanding a tubular memt^r has also been described 
that includes a tubular support member that includes a first tubular support body 
defining a longitudinal passage including a throat passage, a first radial passage 
defined in the ffrst tubular support body fluididy coupled to the longitudinal passage, a 

10 first flange coupled to the first tubular support body, and a second flange coupled to tTm 
first tubular support body that defines: a second radial passage defined in the second 
flange fluididy coupled to the longitudinal passage. An adjustable expansion cone 
assembly is movabty coupled to the tubular support noember A dog assembly is 
movably coupled to the tubular support member that includes a first tubular sleeve 

15 coupled to the adjustable expansion cone assembly that defines a first counterbore for 
r^^eiving the first flange, and a third radial passage, a spring received within the first 
counterbore, a retaining ring received within the first counterbore, a toad transfer pin 
coupled to the retaining ring and extending through the third radial passage, a second 
tubular sleeve coupled to the first load transfer pin that defines: a first counterbore for 

20 receiving the first tubular sleeve, a second countertore for receiving and mating with 
the tapered flange, and includes a third flange that defines a Uiird counterbore for 
receiving the second flange, a fourth counterbore for receiving the second flange, and 
a fourth radial passage, and a resilient dog coupled to the second tubular sleeve and 
positioned adjacent to the tapered flange. First and second packer cups are coupled to 

25 the tubular support menrrt)er between the resilient dog and the third flange. 

An apparatus for radially exparKling a tubular member has also been described 
that inchjdes a tubular support member, an adjustable expansion cone assembly 
movably coupled to the tubular support member, and means for adjusting the 
adjustable expansion cone assembly. 

30 An adjustable expansion cone assembly has also been described that includes 

a tubular support member. An adjustable expansion cone nrx>vabty coupled to the 
tubular support member that includes a plurality of expansion cone segments, and 
nieans for guiding the expansion cone segments on the tubular support member. The 
assembly further includes means for adjusting the adjustable expansion cone. 

35 A method of operating an adjustat>le expansion cone assembly including a 

plurality of expansion cone segments has also been described that includes guiding the 
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expansion cone segments on a tapered body, and controllably displacing the 
expansion cone segments atong the tapered txxiy. 

A method of operating an adjustable expansion cone assembly including a 
plurality of expansion cone segments has also been descrttied that includes guiding the 
5 expansion cone segments on a multi-sided tapered body, interlocking the expansion 
cone segments, and controllably displacing ttie expansion cone segments along the 
tapered body. 

A method of operating an adjustable expansion cone assembly including a 
plurality of expansion cone segments has also been described that includes resiliently 

10 guiding the expansion cone segments on a multi-sided tapered body, guiding each of 
the expansion cone segments on opposite sides in the drcumferentiai direction, 
interlocking the expansion cone segments, and controllably displacing the expanston 
cone segments along the tapered body. 

A nnethod of operating an adjustable expanston cone assembly including a 

15 plurality of expanston cone segments has also been described that includes dividing 
the expanston cone segments into first and second groups of expansion cone 
segments, interleaving the first and second groups of expanston cone segments, 
overlapping the first and second groups of expansion cone segments, resiliency 
guiding the expansion cone segments on a nruilti-skied tapered body, guiding each of 

20 the expansion cone segments on opposite sMes in the circumferential direction, and 
controllably displacing the expansk>n ccNie segments atong the tapered l3ody. 

A method of operating an adjustable expanston cone assembly including a 
pkjrality of expansion cone segments has also been described that includes dividing 
the expanston cone segments into first and second groups of expansion cone 

25 segments, interleaving the first and second groups of expansion oone segments, 
guiding the expansion cone segments on a multi-sided tapered body, and controllabty 
displacing the expansion cone segments atong the tapered body while also relatively 
displacing the first and second groups of expansion cone segments In opposite 
directions. 

30 A method of plastically deforming and radially expanding an expandable tubular 

member using an apparatus indudirig a tubular support member, an adjustable 
expansion cone assembly movabiy coupled to the tubular support member, and an 
actuator movabiy coupled to the tubular support member for adjusting the adjustable 
expansion cone assembly, has also been described that includes coupling a first end of 

35 the expandatrie tubular mendier to a tubular stmcture, tocking the actuator to the 
tubular support member of the apparatus, inserting the apparatus into the first end of 
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the expandable tubular member, moving the actuator and the adjustable expansion 
cone assembly of the apparatus out of the second end of the expandable tubular 
member, reinserting the actuator of the apparatus into the second end of the 
expandable tubular member, unlocking the actuator from the tubular support member 

5 of the apparatus, rotating the acti^tor relative to the tubular support member of the 
apparatus, and increasing the outside diameter of the adjustable expansion cone 
assembly by moving the tubular support member relative to the actuator^ the adjustable 
expansion cone assembly and the expandable tubular member, and plastically 
deforming and radially expanding the expandable tutnjlar member by moving the 

10 adjustable expansion cone assembly through the expandable tubular member. 

A method of plastically deforming and radially expanding an expandable tubular 
member using an apparatus Including a tubular support memt>er, an adjustable 
expansion cone assembly movably coupled to the tubular support member, and an 
actuator movably coupled to the tubular support member for adjusting the adjustable 

15 expansion cone assembly, has also been described that includes coupling a first end of 
the expandable tubular member to a tubular structure, inserting the apparatus into the 
first end of the expandable tubular member in a first direction, displacing the actuator of 
the apparatus in a secorKi direction opposite to the first direction, applying a resilient 
biasing force to the adjustable expansion cone assembly in the second direction, 

20 moving the actuator and the adjustable expansion cone assembly of the apparatus out 
of the second end of the expandable tubular member, reinserting the actuator of the 
apparatus Into the second end of the expandable tubular member In the second 
direction, increasing the outside diamet^of the adjustable expansion cone assembly 
by displacing the actuator and the adjustable expansion cone assend)ly relative to the 

25 expandable tubular member in the fust direction, and plastically defbnming and radially 
expanding the expandable tubular member by moving the adjustable exparvsion cone 
assembly through the expandable tubular member in the second direction. 

An adjustable expansion cone assembly has also beeh described that includes 
a plurality of expansion cone segments, means for guiding the expansion cone 

30 segments on a tapered body, and means for controliably displacing the expansion cone 
segments along the tapered body. 

An adjustable expansion cone assembly has also been described that includes 
a plurality of expansion cone segments, means for guiding the expansion cone 
segments on a multi-sided tapered body, means for interioduiig the expansion cone 

35 segments, and means for controliably displacing the expansion cone segments along 
the tapered body. 
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An adjustable expansion cone assembly has also been described that includes 
a plurality of expansion oone segments, means for resiliently guiding the expansion 
cone segments on a multi-sided tapered body« means for guiding each of the 
expansion cone segments on opposite sides in the drcunnferential direction, means for 
5 intertocking the expansion cone segments, and means for controllabty displacing the 
expansion cone segments along the tapered body. 

An adjustable expansion cone assembly has also been described that Includes 
a plurality of expansion oone segments, means for dividing the expansion cone 
segments into first and second groups of expansion cone segments, means for 
10 interieaving the first and seoond groups of expansion cone segments, means for 
overiapping the first and seoond groups of expansion cone segments, means for 
resiliently guiding the expansion cone segments on a multi-sided tapered body, means 
for guiding each of the expansion oone segments on opposite sides in the 
droimferential direction, and means for controllably displacing the expansion oone 
1 5 segments along the tapered t>ody. 

An adjustable expansion cone assembly has also been described that includes 
a plurality of expansion cone segments, means for dividing the expansion cone 
segments into first and second groups of expansion cone segments, means for 
interieaving the first and seoond groups of expansion cone segments, means for 
20 guiding the expansion cone segments on a multi-sjded tapered body, and means for 
controllably displacing the expansion cone segments along the tapered body while also 
relativety displacing the first and second groups of expansion cone segments in 
opposite directions. 

An apparatus for plastically deforming and radially expanding an expandable 
25 tubular member has also been described that includes a tubular support member, an 
adjustable expansion cone assembly movably coupled to the tubular support member, 
means for actuating the adjustable wcpansion oone assennbiy, means for loddng the 
actuator to the tubular support member of the apparatus, means for unloclcing the 
actuator from the tubular support member of the apparatus, and means for increasing 
30 the outside diameter of the adjustable expansion cone assembly by moving the tubular 
support member relative to the actuator, the adjustable expansion oone assembly, and 
the expandable tubular memt>er. 

An apparatus for plastically deforming and radially expanding an expandable 
tubular member has also been described that includes a tubular support member, an 
35 adjustable expansion cone assembly movably coupled to the tubular support member, 
means for actuating tiie adjustable expansion cone assembly, means for displadng the 
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actuator of the apparatus in a first direction, mear^ for appiying a resilient biasing force 
to the adjustable expansion cone assembly when the actuator is displaced in the first 
direction, and means for increasing the outside diameter of the adjustable expansion 
cone assembly by displacing the actuator and the adjustable expansion cone assembly 
5 relative to the expandable tubular member in a second direction opposite to the first 
direction. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated in 
the foregoing disclosure. In some instances, some features of the present invention 
1 0 may be employed v^thout a con'esponding use of the other features. Accordingly, it is 
appropriate that the appended dainDs be construed broadly and in a manner consistent 
with the scope of the invention. 
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Claims 



1 . A method of radially expanding and plastically defonning a tubular memt)er, 
comprising; 

radially expanding at least a portion of the tubular member by increasing an operating 
pressure of a volume of a fluidic material contained by at teasX a portion of the 
tubular member; and 

radially exparKlIng and plastically defomning at least a portion of the tubular member by 
displacing an expansion device within the tubular member. 

2. The method of claim 1 » wherein the volume comprises an annular volume. 

3. The method of claim 1 , wherein the expansion device is oontrollably adjustable 
from a first outside diameter to a second outside diameter. 
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1. An apparatus for radially expanding a tubular memt>er, comprising: 
a tubular support member comprising: 
5 a first tubular support body defining a kMigitudinal passage; 

a first lug coupled to and extending from the first tubular support body In 

the radial direction; 
a second hjg coupled to and extending from the first tubular support 
body In the radial direction; and 
10 an expansion cone support body coupled to the first tubular support 

body comprising: 

an N-sided tapered tubular support member; 
wherein each side of the mutti-sided tapered tubular support 
member defines a T-shaped slot; 
1 5 N expansion cone segments movably coupled to the expansion cone support 

body, each comprising: 

an expansion cone segment body including aroiate conical outer 
surfaces; 

a first T-shaped retaining member coupled to the expansion cone 
20 segment t>ody for movably coupling the expansion cone segment 

body to a corresponding one of the T-shaped slots of the 

expansion cone support body; and 
a second T-shaped retaining member coupled to the expansion cone 

segment body; 

25 a split ring coiiar assembly movably coupled to the exterior of the tubular 

support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresporuling ones of 
the second T-shaped retaining members of the 
30 expansion cone segments; and 

an L-shaped retaining member coupled.to the second tubular support 
body; 

a first drag block assembly movably coupled to the tubular support member that 
comprises: 

35 a first drag block t>ody defining: 
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a slot for receiving and mating with the L-shaped retaining 

memt>er of the split ring collar; and 
a first J-shaped slot for receiving the first lug; and 
one or more first drag blocks coupled to the first drag blodc body; 
a second drag block assembly movably coupled to the tubular support member 
that comprises: 

a second drag bk>ck body defining: 

a second J-shaped slot for receiving the second lug; and 
one or more second drag blocks coupled to the second drs^ block body; 

and 

first and second packer cups coupled to the tubular support member between 
the first and second drag block assemblies. 



An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defining a k^ngttudinai passage; 
a first flange coupled to the first tubular support body; 
a second flange coupled to the first tubular support body; 
a first tapered flange coupled to the first tubular support body; 
a second tapered flange coupled to the first tubular support body; and 
an expansk>n cone support body coupled to the first tubular support 
body comprising: 

an N-sMed tapered tubular support member; 
wherein each skie of the multt-sUed tapered tubular support 
memt>er defines a T-shaped slot; 
N expansion cone segments movably coupled to the e)4>ansion cone support 
body, each comprising: 

an expansion cone segment body including arcuate conical outer 

surfaces; 

a first T-shaped retaining member coupled to the expar^ion cone 

segment body movably coupling the expansion cone segment 
body to a con^sponding one of the T-shaped slots of the 
expanston cone support body; and 

a second T-shaped retaining member coupled to the expansion cone 
segment body; 
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a split ring collar movably coupled to the exterior of the tubular support member 
comprising: 

a second tubular support body that defines: 

N T-shaped slots for movably receiving corresponding ones of 
5 the second T-shaped retaining members of the 

expansion cone segments; and 
an L-shaped retaining meml>er coupled to the second tubular support 
body; 

a first collet assembly movably coupled to the tubular support member that 
10 comprises: 

a first tubular sleeve defining: 

a slot for receiving and mating with the L-shaped retaining 

member of the split ring collar; 
a first counterbore for receiving the first flange; and 
1 5 a first radial passage; 

a first spring received within the first counteritore; 
a first retaining ring received within the first counterbore; 
a first load transfer pin coupled to the first retaining ring and extending 
through the first radial passage; 
20 a second tubular sleeve coupled to the Tirst load transfer pin; 

a first resilient collet coupled to the second tubular sleeve and 

positioned above the first tapered flange; and 
a third tubular sleeve coupled to the first reslBent collet; 
a second collet assembly movably coupled to the tubular support member that 
25 comprises: 

a fourth tutnjiar sleeve defining: 

a second oountertx>re for receiving the second fiange; and 
a second radial passage; 
a second spring received within the second counterbore; 
30 a second retaining ring received within the second counterbore; 

a second load transfer pin coupled to the second retaining ring and 

extending through the second radial passage; 
a fifth tubular sleeve coupled to the second load transfer pin; 
a second resilient collet coupled to the fifth tubular sleeve and 
35 positioned above the second tapered flange; and 

a sixth tubular sleeve coupled to the second resilient collet; and 
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first and second packer cups coupled to the tubular support member between 
the first and second collet assemblies. 

3. An apparatus for radially expanding a tubular member, comprising: 
5 a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first radial passage d^ed in the first tubular support body fluididy 

coupled to the longitudinal passage; 
a first flange coupled to the first tubular support body; 
1 0 a second flange coupled to the first tubular support body; 

a first tapered flange coupled to the first tubular support body; 
a second tapered flange coupled to the first tubular support body; and 
an expansion cone support body coupled to the first tubular support 
body comprising: 

15 an N-sided tapered tubular support nr)emben 

wherein each side of the multi*sided tapered tubular support 
member defines a T-shaped slot; 
N expansion cone segments movably coupled to the expansion cone support 
body, each comprising: 
20 an expansion cone segment body including arcuate conical outer 

surfaces; 

a first T-shaped retaining member coupled to the expansion cone 

segment body for movably coupling the expansion cone segment 
body to a corresponding one of the T-shaped slots of the 
25 expansion cone support body; arxi 

a second T-shaped retaining member coupled to the expansion cone 
segment body; 

a split ring collar movably coupled to the exterior of the tubular support member 
comprising: 

30 a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding ones of 
the second T-shaped retaining members of the 
expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support 
35 body; 
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a first dog assembly movably coupled to the tubular support member that 
comprises: 

a first tubular sleeve defining: 

a slot for receiving and mating with the L-shaped retaining 
5 member of the split ring collar; 

a first oounterbore for receiving the first flange; and 
a second radial passage; 
a first spring receded within the first counterbore; 
a first retaining ring received wHhin the first counterbore; 
10 a first load transfer pin coupled to the first retaining ring and extending 

through the second radial passage; 
a second tubular sleeve coupled to the first load transfer pin defining: 

a second counterbore for receiving the first tubular sleeve; 
a first resilient dog coupled to the second tubular sleeve and positioned 
15 • adjacent to the first tapered flange; 

a second dog assembly movably coupled to the tubular support member that 
comprises: 

a third tubular sleeve defining: 

a second countert)ore for receivmg the second flange; 
20 a third radial passage; and 

a fourth radial passage fluidldy coupled to the first radial 
passage; 

a second spring received within the second oounterbore; 
a second retaining ring received within the second counteri:x)re; 
25 a second load transfer pin coupled to the second retaining ring and 

extending through the third radial passage; 
a fourth tubular sleeve coupled to the second load transfer pin; 
a second resilient dog coupled to the fourth tubular sleeve and 
positioned adjacent to the second tapered flange; and 
30 first and secorKl packer cups coupled to the tubular support member between 

the first and second dog assemblies. 



4. An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 
35 a first tubular support body defining a longitudinal passage including a 

throat passage; 
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a first radial passage defined in the.first tubular support body fluididy 

coupled to the longitudinal passage; 
a first flange coupled to the first tubular support body; 
a second flange coupled to the first tubular support body defining: 
5 a second radial passage defined in the second flange fluididy 

coupled to the longitudinal passage; 
a tapered flange coupled to the first tubular support body; and 
an expansion cone support body coupled to the first tubular support 
body comprising: 

10 an N-sided tapered tubular support memben 

wherein each side of the multi-sided tapered tubular support 
member defir^es a T-shaped slot; 
N expansion cone segments movably coupled to the expansion cone support 
body, each comprising: 
15 an expansion cone segment body including arcuate conical outer 

surfaces; 

a first T-shaped retaining member coupled to the expansion cone 

segment txxly for movably coupling the expansion cone segment 
body to a corresponding one of the T-shaped slots of the 
20 expansion cone support body; and 

a second T-shaped retaining member coupled to the expansion oone 
segment body; 

a split ring collar movably coupled to the exiertor of the tubular support member 
oomprising: 

25 a second tobular support body defining: 

N T-shaped slots for movably receiving oonBsponding ones of 
the second T-shaped retaining membere of the 
expansion cone segments; and 
an L-shaped retaining memt)er coupled to the second tubular support 
30 body; 

a dog assembly nrx>vably coupled to the tubular support menrtber that 
comprises: 

a first tubular sleeve defining: 

a slot for receiving and matir>g with the L-shaped retaining 
35 member of the split ring coKan 

a first counterbore for receiving the first flange; and 
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a third radial passage; 
a spring received within the first oounterlx>re; 
a retaining ring received within the first countertxm; 
a load transfer pin coupled to the retainmg ring and extending thn^ugh 

the third radial passage; 
a second tubular sleeve coupled to the first load transfer pin that 

defines: 

a first countertx)re for receiving the first tubular sleeve; 
a second c6untert>ore for receiving and mating with the 
tapered flange; and 

comprises: 

a third flange defining: 

a third counterbore for receiving the second 
flange; 

a fourth countert>ore for receiving the second 

flange; and 
a fourth radial passage; and 
a resilient dog coupled to the second tubular sleeve and positioned 
adjacent to the tapered flange; and 
first and second packer cups coupled to the tubular support nr^ember between 
the resilient dog and the third flange. 

An adjustable expansion cone assembly, comprising: 
a tut>ular support member comprising: 
a tubular support body; and 

an expansion cone support body coupled to the tubular support body 
comprising: 

an N-sided tapered tubular support member, 
wherein each side of the multi-sided tapered tubuter support 
member defines a T-shaped slot; 
N expansion cone segments movably coupled to the expansion cone support 
body, each comprising: 

an expansion cone segment body Including arcuate conical outer 
surfaces; 

a flrst T-shaped retaining member coupled to the expansion cone . 

segment body for nK>vably coupling the expansion cone segment 
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body to a corresponding one of the T-shaped slots of the 
expansion cone support body; and 
a second T-shaped retaining member coupled to the expansion cone 
segment body; 

5 a spfit ring coHar movably coupled to the exterior of the tubular support member 

oompmlna: 

a second tubular support body defining: 

N T-shaped sbts for movably receiving corresponding ones of 
the second T-shaped retaining members of the 
^0 expansion cone segments; and 

an L-shaped retaining member coupled to the second tubular support 
body; and 

a tubular actuating sleeve movably coupled to the tubular support member that 
comprises: 

15 a third tubular support body defining: 

a stotfor receiving and mating with the L-shaped retaining 
member of the split ring collar. 

6. An adjustable expansion cone assembly, comprising: 
20 a tubular support member comprising: 

a first tubular support body; and 

an expansion cone support body coupled to the tubular support body 
comprteing: 

a tapered tubular support member defining N stepped slots; 
25 an expansion cone assembly movably coupled to the tubular support member 

comprising: 

a second tubular support body movably coupled to the first tubular 

support body defining an L-shaped slot; and 
N expansion cone segments extending from the second tubular support 
30 member, each expansion cone segment comprising: 

a resilient collet coupled to the second tubular support 
member, 

an expansion cone segment body coupled to the resilient 
collet including arcuate oonical outer surfaces; 
35 arKi 
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a retaining member ocxjpled to the expanston cone 

segment bcxly for movably coupling the expansion 
cone segment body to a corresponding one of the 
stepped slots of the expansion cone support 
body; 

a split ring collar movably coupled to the exterior of the tubular support member 
comprising: 

a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular support 
body for mating with the L-shaped slot of the second tubular 
support body of the expansion cone assembly; and 

a second L-shaped retaining member coupled to the third tubular body; 
and 

a tubular actuating sleeve movably coupled to the tubular support member that 
comprises: 

a third tubular support txxJy defining: 

a slot for receiving and mating with the second L-shaped 
retaining member of the split ring collar. 

An adjustable expansion cone assembly, comprising: 
a tubular support member oomprising: 
a first tubular support body; and 

an expansion cone support body coupled to the tubular support body 
oomprising: 

a tapered tubular support member defining N slots; 
an expansion cone assembly movably coupled to the tubular support member 
comprising: 

a second tubular support body movably coupled to the first tubular 

support body defining an L-shaped slot; and 
N expansion cone segments extending from the second tubular support 
member, each expansion cone segment comprising: 

a resilient collet coupled to the second tubular support 
member, 

an expansion cone segment body coupled to the resilient 
collet including arcuate conical outer surfaces; 
and 
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a retaining member coupled to the expansion cone 

segment body for movably coupling the expansion 
cone segment body to a corresponding one of the 
slots of the expansion cone support body; 
a split ring collar movably coupled to the exterior of the tubular support member 
comprising: . 

a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular support 
body for mating with the L-shaped sicrt of the second tubular 
support body; and 

a second L-shaped retaining member coupled to the third tubular 
support body; and 

a tubular actuating sleeve movably coupled to the tubular support member that 
comprises: 

a third tubular support body defining: 

a slot for receiving and mating with the second L-shaped 
retaining member of the split ring collar. 

An adjustable expansion cone assembly, comprising: 
a tubular support member comprising: 
a first tubular support body; and 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N slots; 
an expansion bone assembly movably coupled to the tubular support meml>er 
comprising: 

a second tubular support body movably coupled to the first tubular 

support body defining an L-shaped slot; and 
N/2 first expansion cone segments extending from the second tubular 

support member, each first expansion cone segment comprising: 
a first resilient collet coupled to the second tubular 

support member 
a first expansion cone segment body coupled to the 
resilient collet including arcuate conical outer 
surfaces; and 
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a first retaining memtier coupled to the expansion cone 
segment txxly for nnovably coupling the expansion 
cone segment body to a corresponding one of the 
siots of the expansion cone support txxly; 
5 lsi/2 second expansion cone segments extending from the second 

tubular support member, each second expansion cone segment 
comprising: 

a second resilient collet coupled to the second tubular 
support member; 

10 a second expansion cone segment body coupled to the 

resilient collet including arcuate conical outer 

surfaces; and 
a second retaining member coupled to the expansion 

cone segment body for movably coupling the 
1 5 expansion cone segment body to a conresponding 

one of the slots of the expansion cone support 

body; 

wherein the second expansion cone segments overlap and are 
interleaved with the first expansion cone segrrients; 
20 a split ring collar movably coupled to the exterior of the tubular support member 

comprising: 

a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular support 
body for mating with L-shaped slot of the second tubular support 
25 body; and 

a second L-shaped retaining member coupled to the third tubular 
support body; and 

a tubular actuating sleeve movably coupled to the tubular support member that 

comprises: 

30 a third tubular support body defining: 

a slot for rectiving and mating with the second L-shaped 
retaining member of the split ring collar. 

9. An adjustable expansion cone assembly, comprising: 
35 a tubular support member comprising: 

a first tubular support body; and 
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an expansion cone support body coupled to the first tubular support 
body comprising: 

an N-sided tapered tubular support member; 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
N/2 first expansion cone segments movabty coupled to the expansion cone 
support body, each comprising: 

a first expansion cone segment body Includirfg arcuate conical outer 
surfaces; 

a first T-shaped retaining member coupled to the first expansion cone 
segment body for movably coupling the first expansion cone 
segment body to a corresponding one of the T-shaped slots of 
the expansion cone support body; and 

a second T-shaped retaining member coupled to the first expansion 
cone segment body; 
N/2 second expansion cone segments movably coupled to the expansion cone 

support body, each comprising: 

a second expansion cone segment body including arcuate conical outer 
surfaces; 

a third T-shaped retaining meml>er coupled to the second expansion 
cone segment body for movably coupling the second expansion 
cone segment body to a corresponding one of the T-shaped 
stots of the expansion cone support body; and 

a fourth T-shaped retaining member coupled to the expansion cone 
segment body; 

wherein the first and second expansion cone segments are Interieaved; 
wherein the first expansion cone segment bodies are complementary shaped 

with respect to the second expanston cone segment bodies; 
a split ring collar assembly movably coupled to the exterior of the tobular 
support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving conresponding ones of 
the second and fourth T-shaped retaining members of the 
interieaved first and second expansion cone segments; 
and 
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an L-shaped retaining member coupled to the second tubular support 
body; and 

a tubular actuating sleeve movably coupled to the tubular support member that 
comprises: 

5 a third tubular support body defining: 

a slot for receiving and mating with the L-shaped retaining 
member of the split ring collar. 

10. An apparatus for radially expanding a tubular member, comprising: 
10 a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first lug coupled to and extending from the first tubular support body in 

the radial direction; and 
a second lug coupled to and extending from the first tubular support 
15 body in the radial direction; 

an adjustable expansion cone assembly movably coupled to the tubular support 
member, 

a first (toag block assembly riiovably coupled to the tubular support member that 
comprtees: 

20 a first drag block body coupled to the adjustable expansion cone 

assembly defining: 

a first J-shaped slot for receiving the first lug; and 
one or more first drag blocks coupled to the first drag btock body; 
a second drag btock assembly movably coupled to the tubular support member 
25 that comprises: 

a second drag block body defining: 

a second J-shaped slot for receiving the second lug; and 
one or more second drag bk>cks cou^rfed to the second drag block body; 
and 

30 first and second packer cups coupled to the tubular support member between 

the first and second drag t>lock assemblies. 

1 1 . The apparatus of daim 10, wherein the tubular support member further 
comprises: 

35 an expansion cone support body coupled to the first tubular support t>ody 

comprising: 
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an N*sided tapered tubular support member; 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
wherein the adjustable expansion oone assembly comprises: 

N expansion cone segments movably coupled to the expansion cone 
support body, each comprising: 

an expansion cone segment body including arcuate conical outer 

surfaces; 

a first T-shaped retaining member coupled to the expansion 
cone segment body for movably coupling the expansion 
cone segment body to a con^esponding one of the T- 
shaped slots of the expansion cone support body; and 
a second T-shaped retaining nr>ember coupled to the expansion 
cone segment body; and 
a split ring collar movably coupled to the exterior of the tubular su^xxt 
member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving oonesponding 
ones of the second T-shaped retaining members 
of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular 
support body; and 
wherein the first drag block body further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
the split ring cottar. 

12. The apparatus of claim 10, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N stepped slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support tKXty movably coupled to the first 
tubular support body defining an Lrshaped slot; and 
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N expansion cone segments extending from the second tubular 
support nnember, each expansion cone segment 
comprising: 

a resilient collet coupled to the second tubular 
5 support member, 

an expansion cone segment body coupled to the 
resilient collet including arcuate conical 
outer surfaces; and 
a retaining member coupled to the expansion 
1 0 cone segment body for movably coupling 

the expansion cone segment body to a 
corresponding one of the stepped slots of 
the expansion cone support body; and 
a split ring collar movably coupled to the exterior of the tubular support 
15 member comprising: 

a third tubular support body: 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-shaped slot of the 
second tubular support body; and 
20 a second L-shaped retaining member coupled to the third tubular 

support member; 
wherein the first drag block body further defines: 

a slot for receiving and mating with the second L-shaped retaining 
member of ttie split ring collar. 

25 

1 3. The apparatus of dalm 10, wherein the tubular SMpport member further 
comprises: 

an expansion cone support body coupled to ttie first tubular support body 

comprising: 

30 a tapered tubular support member defining N slots; 

wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
. member comprising: 

a second tubular support body movably coupled to the first 
35 tubular support body defining an L-shaped slot, and 
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N expansion cone segments extending from ttie second tubular 
support member, each expansion cone segment 
comprising: 

a resilient collet coupled to the second tubular 
S support memben 

an expansion cone segment body coupled to the 
resilient ooliet including arcuate conical 
outer surbces; and 
a retaining member coupled to the expansion 
^ ^ cone segment body for movably coupling 

the expansion cone segment body to a 
con^ponding one of the slots of the 
expansion cone support txxly; and 
a split ring collar movably coupled to the exterior of the tubular support 
1 5 member comprising: 

a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with L-shaped slot of the second 
tubular support body; and 
20 a second L-shaped retaining member coupled to the third tubular 

support body; 
wherein the first drag block body further defines: 

a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

25 

14. The apparatus of daim 10, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 

comprising: 

30 a tapered tubular support member defining N slots; 

wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a secoryJ tubular support body movably coupled to the first 
3S tubular support body defining an L-shaped slot; and 



ronierl from ia4fia/l 9 on 05/26/2006 



90 

N/2 first expansion cone segments extending from the second 
tubular support rnember, each first expansion cone 
. segment comprising: 

a first resilient collet coupled to the second tubular 
5 support member; 

a first expansion cone segment body coupled to 
the resilient collet including arcuate conical 
outer surfaces; and 
a first retaining member coupled to the expansion 
10 cone segment body for movably coupling 

the expansion cone segment body to a 
corresponding one of the slots of the 
expansion cone support body; 
N/2 second expansion cone segnrients extending from the 
15 second tubuteir support member, each second expansion 

oone segment comprising: 

a second resilient collet coupled to the second 

tubular support member, 
a second expansion cone segment body coupled 
20 to the resilient collet including arcuate 

conical outer surfaces; and 
a second retaining nnember coupled to the 

expansion oone segment Ixxly for movably 
coupling the expansion cone segment 
25 body to a oorrespondtng one of the slots of 

the expansion cone support body; 
wherein ttie second expansion oone segments overlap 
and are interleaved with the first expansion oone 
segments; and 

30 a split ring collar movably coupled to the exterior of the tubular support 

memt)er comprising: 
a third tubular support body; 

a first L-shaped retaining memt>er coupled to the third tubular 
support body for mating with the L-shaped slot of the 
35 second tubular support txxly; and 
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a second L-shaped retaining member coupled to the third tubular 
support body; 
wherein the first drag biock body further defines: 

a slot for receiving and mating with the second L-shaped retaining 
5 member of the split ring collar. 

1 5. The apparatus of daim 10, wherein the tubular support member further 
oomprisesi 

an expansion oone support body coupled to the first tubular support body 
10 comprising: 

an N-sided tapered tubular support member; 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
wherein the adjustable expansion cone assembly comprises: 
1 5 IM/2 first expansion cone segments movabty coupled to the expansion 

cone support body, each comprising: 
a first expansion cone segment body including arcuate conical 
outer surfaces; 

a first T-shaped retaining member coupled to the first expansion 
20 cone segment body for movably coupling the first 

exparvsion oone segment body to a conresponding one of 
the T-shaped slots of the expansion cone support body; 
and 

a second T-shaped retaining member coupled to the first 
25 expansion oone segment body; 

N/2 second expansion oone segments movably coupled to the 
expansion cone support body, each comprising: 
a second expansion cone segment body including arcuate 
conical outer surfaces; 
30 a third T-shaped retaining niember coupled to the second 

expansion cone segment body for rTK>vat>ty coupling the 
second expansion cone segment body to a 
corresponding one of the T-shaped slots of the expansion 
oone support body; and 
35 a fourth T-shaped retaining member coupled to the expansion 

oone segment body; 
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wherein the first and second expansion cone segments are interleaved; 
wherein the first expansion cone segnnent bodies are complementary 

shaped with respect to the second expansion cone segment 

bodies; and 

5 a split ring collar assembly movaUy coupled to the exterior of the tubular 

support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movabiy receiving conresponding 
ones of the second and fourth T-shaped retaining 
0 members of the Interieaved first and second 

expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular 
support body; and 
wherein the first drag btock body further defines: 
5 a slot for receiving and mating with the L-shaped retaining member of 

the split ring collar. 



16. An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 
20 a first tubular support body defining a longitudinal passage; 

a first flange coupled to the first tubular support body; 
a second flange coupled to the first tubular support body; 
a first tapered fiange coupled to the first tubular support body; and 
a second tapered flange coupled to the first tubular support body; 
25 an adjustable expansion cone assembly movabiy coupled to the tubular support 

memben 

a first collet assembly movabiy coupled to the tubular support member that 

comprises: 

a first tubular sleeve coupled to the adjustable expansion cone 
30 assembly and defining: 

a first counterbore for receiving the first flange; and 
a first radial passage; 
a first spring received within the first countert)ore; 
a first retaining ring received within the first countertx>re; 
35 a first load transfer pin coupled to the first retaining ring and extending 

through the first radial passage; 
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a second tubular sleeve coupled to the first load transfer pin; 
a first resilient collet coupled to the second tulxjlar sleeve and 

positioned at)ove the first tapered flange; and 
a third tubular sleeve coupled to the first resilient collet; 
a second collet assenibiy movably coupled to the tubular support member that 
comprises: 

a fourth tubular sleeve defining: 

a second oounterbore for receiving the second flange; and 
a second radial passage; 
a second spring received within the second ccHjnterbore; 
a second retaining ring received within the second oounterbore; 
a second load transfer pin coupled to the second retaining ring and 

extending through the second radial passage; 
a fifth tubular sleeve coupled to the second load transfer pin; 
a second resilient collet coupled to the fifth tubular sleeve and 

positioned above the second tapered flange; and 
a sixth tubular sleeve coupled to the second resilient collet; and 
first and second packer cups coupled to the tubular support member between 
the first and second collet assemblies. 

1 7. The apparatos of claim 16, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

25 an N-sided tapered tubular support nneml>er; 

wherein each side of the multi-stded tapered tubular support 
member defines a T-shaped slot; 
wherein the adjustable expanston cone assembly comprises: 

N expansion cone segments movably coupled to the expansion cone 
30 support body, each comprising: 

an expansion cone segment body including arcuate conical outer 
surfaces; 

a first T-shaped retaining member coupled to the expansion 

cone segment body for movably coupling the expansion 
35 cone segment body to a corresponding one of the T- 

shaped slots of the expansion cone supped body; and 
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a second T-shaped Tetaining menrfber coupled to the expansion 
oone segmmt kxxJy; and 
a split ring collar movably coupled to the exterior of the tutxjiar support 
member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving cmesponding 
ones of the second T-shaped retaining members 
of the exparislon oone segments; and 
an L-shaped retaining member coupled to the second tubular 
support body; and 

wherein the first tubular sleeve of the first collet assembly further defines: 

a slot for receiving and mating with the L-shaped retsdning member of 
the split ring collar. 

1 8, The apparatus of claim 16, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N stepped slots; 
wherein the adjustable expansion oone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L«shaped stot; and 
N expansion cone segments extending from the second tubular 
support member, each expansion cone segrinent 
comprising: 

a resilient collet coupled to the second tubular 

support memt>en 
an expansion cone segment body coupled to the 
resilient collet induding arcuate conical 
outer surfaces; and 
a retaining member coupled to the expansion 

cone segment txxty for movably couplirig 
the expansion ame segment body to a 
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oorrespondihg one of the stepped slots of 
the expansion cone support body; and 
a split ring collar movaUy coupled to the exterior of the tubular support 
member comprising: 
5 a third tubular support body: 

a first L-shaped retainmg memt>er coupled to the third tubular 
support body for mating with the L-shaped slot of the 
second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular 
10 support memben 

wherein the first tubular sleeve of the first collet assembly further defines: 
a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

15 19. The apparatus of claim 16, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

a tapered tubular support member defining N slots; 
20 wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 
^ N expansion cone segments extending from the second tubular 

support member, each expansion cone segment 
comprising: 

a resiDent collet coupled to the second tubular 
support member; 

30 an expansion cone segment body coupled to the 

resilient collet including arcuate conical 
outer surfaces; and 
a retaining member coupled to the expansion 
cone segment body for movably coupling 

35 the expansion cone segment body to a 
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corresponding one of the slots of the 
expansion cone support body; and 
a split ring collar movabiy coupled to the exterior of the tubular support 

member comprising: 

a third tubular support body; 

a first L-shaped retsuning member coupled to the third tubular 
support body for mating with L-shaped slot of the second 
tubular support body; and 

a second L-shaped retaining member coupled to the third tubular 
support body; 

wherein the first tubular sleeve of the first collet assembly further defines: 
a slot for receivnig and mating with the second L«shaped retaining 
member of the split ring collar. 

20. The apparatus of dalm 1 6, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member dining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movabiy coupled to the tubular support 
member comprising: 

a second tubular support body movabiy coupled to the first 
tubular support body defining an L-shaped slot; and 

N/2 first expansion cone segments extending from the second 
tubiular support member, each first expansion cone 
segmmt oxmprising: 

a first resilient collet coupled to the second tutHJlar 

supFX)rt member, 
a first expansion cone segment body coupled to 

the resilient collet including arcuate conical 

outer surfaces; and 
a first retaining member coupled to the expansion 

cone segment body for movabiy coupling 

the expartsion cor^ segment body to a 
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corresponding one of the slots of the 
expansion cone support body; 
N/2 second expansion cone segnrents extending from the 

second tubular support member, each second expansion 
5 cone segpnent comprising: 

a second resilient collet coupled to the second 

tubular support member; 
a second expansion cone segment body coupled 
to the resilient collet including arcuate 
10 conical outer surfaces; and 

a second retaining member coupled to the 

expartsion cone segment body for movably 
coupling the expansion cone segment 
body to a corresponding one of the slots of 
15 the expansion cone support body; 

wherein the second expansion cone segments overlap 
and are interleaved with the first expansion cone 
segments; and 

a split ring collar movably coupled to the exterior of the tubular support 
20 niember comprising: 

a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-shaped slot of the 
second tubular support Ixxiy; and 
25 a second L-shaped retaining member coupled to the third tubular 

support body; 

wherein the first tubular sleeve of the first collet assembly further defines: 
a slot for receiving and noting with the second L-shaped retaining 
nnember of the split ring collar. 

30 

21 . The apparatus of daim 16. wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

35 an N-sided tapered tubular support member. 
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wherein each side of the multi-sided tapered tubular support 
memt)er defines a T-shaped slot; 
wherein the adjustable expansion cone assembly comprises: 

N/2 first expansion cone segments movably coupled to the expansion 
5 cone support body, each comprising: 

a first expansion cone segment body Including arcuate conical 
outer surfaces; 

a first T-shaped retaining member coupled to the first expanston 
cone segment body for movably coupling the first 
10 expansion cone segment body to a corresponding one of 

the T-shaped slots of the expansion cone support body; 
and 

a second T-shaped retaining number coupled to the first 
expansion cone segment body; 
15 N/2 second expansion cone segments movably coupled to the 

expansion cone support body, each comprising: 
a second expansion cone segment body including arcuate 

conical outer surfaces; 
a third T-sliaped retaining member coupled to the second 
20 expanston cone segment body for movably coupling the 

second expansion cone segment body to a 
corresponding one of the T-shaped slots of the expanston 
cone support body; and 
a fourth T-shaped retaining member coupled to the expansion 
25 cone segment body; 

wherein the first and second expansion cone segments are interleaved; 
wherein the first expansion cone segnmit bodies are complenrtentary 
shaped with respect to the second expanston cone segment 
bodies; and 

30 a spfit ring collar assembly nrK)vably coupled to the exterior of the tubular 

support member comprising: 
a second tubular support body defining: 

N T-shaped stots for movably receiving corresponding . 
ones of the second and fourth T-shaped retaining 
35 members of the interteaved first and second 

expansion cone segments; and 
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an L-shaped retaining member coupled to the secx)nd tubular 
support body; and 

wherein the first tubular sleeve of the first collet assembly further defines: 

a slot for receiving and mating with the L-shaped retaining memt>er of 
the spilt ring collar. 



An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first radial passage defined in the first tutnjiar support body fiuididy 
coupled to the longitudinal passage; 

a first fiange coupled to the first tubular support body; 

a second flange coupled to the first tubular support body; 

a first tapered flmrge coupled to the first tubular support body; and 

a second tapered fiange coupled to the first tubular support body; 
an adjustable expansion cone assembly movably coupled to the tubular support 

member; 

a first dog assembly movably coupled to the tubular support member that 
comprises: 

a first tubular sleeve coupled to the ac^ustable expansion oone 
. assembly defining: 

a first counterbore for receiving the first flange; and 

a second radial passage; 
a first spring received within the first counterbore; 
a first retaining ring received within the first oountert)ore; 
a first load transfer pin coupled to the first retaining ring and extending 

through the secmd radial passage; 
a second tubular sleeve coupled to the first load transfer pin defining: 

a second countert)ore for receiving the first tubular sleeve; 
a first resilient dog coupled to the second tubular sleeve and positioned 

adjacent to the first tapered fiange; 
a second dog assembly movably coupled to the tubular support member that 
comprises: 

a third tubular sleeve defining: 

a second countertxxe for receiving the second flange; 
a third radial passage; and 
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a fourth radial passage fluididy coupled to the first radial 
passage; 

a second spring received within the second oounterbore; 
a second retaining ring received within the second countertx)re; 
5 a second load transfer ph coupled to the second retaining ring and 

extending through the third mdml passage; 
a fourth tubular sleeve coupled to the second load transfer pin; 
a second resilient dog coupled to the fourth tubular sleeve and 
positioned adjacent to the second tapered flange; and 
10 first and second packer cups coupled to the tubular support mender between 

the first and second dog assemblies. 



23. The apparatus of claim 22. wherein the tubular support member further 
comprises: 

15 an expansion cone support body coupled to the first tubular support body 

comprising: 

an t4-$ided tapered tubular support member, 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
20 wherein the adjustable expansion cone assembly comprises: 

N expansion cone segments movably coupled to the expansion cone 
support body, each comprisirtg: 

an expansion cone segment body including arcuate conical outer 
surfaces; 

25 a first T-shaped retaining nriember coupled to the expansion 

cone se^nent body for movably coupling the expansion 
cone segment body to a corresponding one of the T- 
shaped slots of the expansion cone support body; and 
^ a second T-shaped retaining nnember coupled to the expansion 

30 corie segment body; and 

a split ring collar movably coupled to the exterior of the tubular support 
menr4)er comprising: 
a second tubular support body defining: 

N T-shaped slots for rTKyvat>ly receh^ng corresponding 
35 ones of the second T-shaped retaining members 

of the expansion cone segments; and 
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an L-shaped retaining member coupled to the second tubular 
support body; and 

wherein the first tubular sleeve of the first dog assembly further defines: 

a stot for receiving and mating with the L-shaped retaining member of 
the split ring collar. 



24. The apparatus of daim 22, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N stepped slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 

N expansion cone segments extending from the second tubular 
support member, each expartsion cone segment 
comprising: 

a resilient collet coupled to the second tubular 

support memben 
an expansion cone segment body coupled to the 
resilient collet including arcuate conical 
outer surfaces; and 
a retaining member coupled to the expansion 
cone segment body for movably coupling 
the expar^ion cone segment body to a 
conresponding one of the stepped slots of 
the expansion cone support body; and 
a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a third tubular support body: 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-shaped slot of the 
second tubular support body; and 
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a second L-shaped retaining member coupled to the third tubular 
support member; and 
wherein the first tubular sleeve of the first dog assembly further defines: 
a slot for receiving and mating with the second L-shaped retaining 
5 member of the split ring collar. 

25. The apparatus of claim 22, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 

10 comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expanston cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

15 a second tubular support body movably coupled to the first 

tubular support body defining an L-shaped slot; and 
N expansion cone segments extending from the second tubular 
support member, each expansion cone segnrient 
comprising: 

20 a resilient collet coupled to the second tubular 

support memben 
an expansion cone segment body coupled to the 
re^ltent collet including arcuate conical 
outer surfaces; and 

25 a retaining nnember coupled to the expansion 

cone segment body for movably coupling 
the expansion cone segment body to a 
conresponding one of the slots of the 
expansion cone support body; and 
30 a split ring collar movably coupled to the exterior of the tobular support 

member comprising: 
a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with L-shaped stot of the second 
35 tubular support body; and 
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a second L-shaped retaining member coupled to the third tubular 
support body; and 
wherein the first tubular sleeve of the first dog assembly further defines: 
a slot for receiving and mating with the second L-shaped retaining 
5 member of the split ring collar. 

26. The apparatus of daim 22, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
10 comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

15 a second tubular support body movably coupled to the first 

tubular support body defining an L-shaped slot; and 
N/2 first expansion cone segments extending fix)m the second 
tubular support merr^, each first expansion cone 
segment comprising: 

20 a first resilient collet coupled to the second tubular 

support memben 
a first expansion cone segment body coupled to 
the resilient collet including arcuate conical 
outer surfaces; and 

25 a first retaining member coupled to the expansion 

cone segment body for rhovably coupling 
the expansion cone segment body to a 
corresponding one of the slots of the 
expansion cone support body; 
30 N/2 second expansion cone segments extending from the 

second tubular support member, each second expansion 
cone segment comprising: 

a second resilient collet coupled to the second 
tubular support memben 
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a second expansion cone segment body coupled 
to the resilient collet including arcuate 
conical outer surfaces; and 
a second retaining member coupled to the 
5 expansion cone segment body for nKivably 

coupling the expansion cone segment 
body to a corresponding one of the slots of 
the expansion cone support body; 
wherein the second expansion cone segments overlap 
10 and are interleaved with the first expansion cone 

segments; and 

a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a third tubular support body; 
15 a first L-shaped retaining member coupled to the third tubular 

support body for mating with the L-shaped slot of the 
second tubular support body; and 
a second L-shaped retaining memt)er coupled to the third tubular 
support body; and 

20 wherein the first tubular siMve of the first dog assembly further defines: 

a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

27. The apparatus of daim 22, wher^n the tubular support member further 
25 comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

an N-sided tapered tubular support member; 
wherein each side of the multi-sided tapered tubular support 
30 nriember defines a T-shaped slot; 

wherein the adjustable expansion cone assembly comprises: 

N/2 first expansion cone segments movably coupled to the expansion 
cone suppwt body, each comprising: 
a first expansion cone segment body including emiate conical 
35 outer surfeices; 
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a first T-shaped retaining member coupled to the first expansion 
cone segment body for movabiy coupling the first 
expansion cone segment body to a corresponding one of 
the T*shaped slots of the expansion cone support body; 
5 and 

a second T-shaped retaining member coupled to the fvst 
expansion cone segment body; 
N/2 second expansion cone segments movabiy coupled to the 
expansion cone support body, each comprising; 
10 a second expansion cone segment body including arcuate 

conical outer surfaces; 
a third T-shaped retaining member coupled to the second 

expar^ion cone segment body for movabiy coupling the 
second expansion cone segnnent body to a 
1 5 corresponding one of the T-shaped slots of the expansion 

cone support body; and 
a fourth T-shaped retaining member coupled to the expansion 
cone segment body; 
wherein the first and second expansion cone segments are interteaved; 
20 . wherein the first expansion cone segment t)Odtes are complementary 

shaped with respect to the secorxl expansion cone segnrtent 
bo(fies; and 

a split ring collar assembly movabiy coupled to the exterior of the tubular 
support member oomprisirtg: 
25 a second tubular support body defining: 

N T-shaped slots for movabiy receiving oorresporxling 
ones of the second and fourth T-shaped retaining 
members of the interleaved first and second 
expansion cone segments; and 
30 an L-shaped retaining member coupled to the second tubular 

support body; and 
wherein the first tubular sleeve of tlie first dog assembly further defines: 

a slot for receiving and mating the L-shaped retairung member of 
the spHt ring collar 

35 

28. An apparatus for radially expanding a tubular member, comprising: 



Copiftd from 104f?m,9 on 0S/?fi/?00fi 



106 



a tubular support member comprising: 

a first tubular support body defining a longitudinal passage including a 
throat passage; 

a first radial passage defined in the first tubular support body fluidicly 
5 coupled to the longitudlnal passage; 

a first flange coupled to the first tubular support body; 
a second flange coupled to the first tubular support body defining: 
a second radial passage defined in the second flange fluidicly 
coupled to the longitudinal passage; and 
1 0 an adjustable expansion cone assembly movably coupled to the tubular support 

member; 

a dog assembly movably coupled to the tubular support member that 
comprises: 

a first tubular sleeve coupled to the adjustable expansion cone 
1 5 assembly defining: 

a first counterbore for receiving the first flange; and 

a ttiird radial passage; 
a spring received within the first counterbore; 
a retaining ring received within the first counteriDore; 
20 a load transfer pin coupled to the retaining ring and extending through 

the third radial passage; 
a second tubular sleeve coupled to the first load transfer pin that 

defines: 

a first counterbore for receiving the first tubular sleeve; 
23 a second countert)ore for receiving and mating with the 

tapered flange; and 

comprises: 

a third flange defining: 

a third counterisore for receiving the second 
30 flange; 

a fourth counterbore for receiving the second 

flange; and 
a fourth radial passage; and 
a resilient dog coupled to the second tubular sleeve and positioned 
35 adjacent to the tapered flange; and 
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first and second packer cups coupled to the tubular support member between 
the resilient dog and the thlnJ flange. 



29. The apparatus of daim 28. wherein the tubular support member further 
5 comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

an N-sided tapered tubular support member, 
wherein each side of the multi-sided tapered tubular support 
1 0 member defines a T*shaped slot; 

wherein the adjustable expansbn cone assembly comprises: 

N expansion cone segments movably coupled to the expansion cone 
support body, each comprising: 

an expansion cone segment body including arcuate conical outer 
15 surfaces; 

a first T-shaped retaining member coupled to the expansion 

cone segment body for movably coupling the expansion 
cone segment body to a corresponding one of the T- 
shaped sbts of the expansion cone support body; and 
20 a second T-shaped retaining member coupled b the expansion 

cone segment body; and 
a spilt ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a second hibular support body defining: 
25 N T-shaped sbts for nfKivably receiving corresponding 

ones of the second T-shaped retaining members 
of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular 
support body; and 

30 wherein the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
the split ring collar. 

30. The apparatus of claim 28, wherein the tubular support member further 
35 comprises: 
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an expansion oone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N stepped slots; 
wherein the adjustable expansion cone assembly comprises: 
5 an expansion cone assembly movably coupled to the tubular support 

member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 
N expansion cone segments extending from the second tubular 
1 0 support memt>er, each expansion cone segment 

comprising: 

a resilient collet coupled to the second tubular 

support member, 
an expansion cone segment body coupled to the 
15 resilient collet including arojate conical 

outer surfaces; and 
a retaining member coupled to the expansion 
cone segment body for movably coupling 
the expansion cone segment body to a 
20 corresponding one of the stepped slots of 

the expansion cone support body; and 
a split ring collar movably coupled to the exterior of the tubular support 
member comprising; 
a third tubular support body: 
25 a first L*shaped retaining member coupled to the third tubular 

support body for mating with the L-shaped slot of the 
secorxi tubular support body; and 
a second L-shaped retaining member coupled to the third tubular 
support member; and 
30 wherein the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

31 . The apparatus of daim 28, wherein the tubular support member further 
35 comprises: 
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dn expar^ion cone support body coupled to the first tubular support body 
comprising: 

a tapered tubular support member defining N slots; 
wtierein the adjustable exparision cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 
N expansion cone segments extending from the second tubular 
support member, each expansion cone segment 
comprising: 

a resilient collet coupled to the second tubular 

support member; 
an expansion cone segment body coupled to the 
15 resiltent collet including arcuate conical 

outer surfaces; and 
a retaining member coupled to the expansion 
cone segment body for movably coupling 
the expansion cone segment body to a 
20 corresponding one of the slots of the 

expansion cone support body; and 
a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a third tubular support body; 
25 a first L-shaped retaining member coupled to the third tubular 

support body for mating with L-shaf>ed slot of the second 
tubular support body; aiKi 
a second L-shaped retaining member coupled to the third tubular 
support body; and 

30 wherein the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

32. The apparatus of daim 28. wherein the tubular support member further 
35 comprises: 
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an expansion c»ne support body coupled to the tubular support body 
comprising: 

a tapered tubular support meinber defining N slots; 
wherein the adjustable expansion cone assembly comprises: 
S an expansion cone assembly movably coupled to the tubular support 

member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 
N/2 first expansion cone segments extending from the second 
10 tubular support member, each first expansion cone 

segment comprising: 

a first resilient collet coupled to the second tubular 

support member; 
a first expansion cone segment body coupled to 
15 the resilient collet including arcuate conical 

outer surfaces; and 
a first retaining member coupled to the expansion 
cone segment body for movably coupling 
the expansion cone segment body to a 
20 corresponding one of the slots of the 

expansion cone support body; 
N/2 second expansion cone segments extending from the 

second tubular support member, each second expansion 
cone segment comprising: 
25 a second resilient collet coupled to the second 

tubular support member; 
a second expansion cone segment body coupled 
to the resilient collet including arcuate 
conical outer surfaces; and 
30 a second retaining member coupled to the 

expansion cone segment body for movably 
coupling the expansion cone segment 
body to a corresponding one of the slots of 
the expansion cone support body; 
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wherein the seoond expansion cone segments overlap 
and are interleaved with the first e)q:>ansion cone 
segments; and 

a split ring ooliar movably coupled to the exterior oT the tubular support 
5 memt>er comprising: 

a third tubular support body; 

a first L-shaped retaining memt)er coupled to the third tubular 
support body for mating with the L-shaped slot of the 
second tubular support body; and 
10 a second L-shaped retaining member coupled to the third tubular 

support body; and 
wherein the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and mating with the second L-shaped retaining 
member of the split ring ooliar. 

15 

33. The apparatus of daim 28, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

20 an N-sided tapered tubular support member; 

whereni each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
wherein the adjustable expansion cone assembly comprises: 

N/2 first expansion cone segments movably coupled to the expansion 
25 cone support body, each comprising: 

a first expansion cone segment body Including arcuate conical 
outer surfaces; 

a first T-shaped retaining member coupled to the first expansion 
cone segment t>ody for movably coupling the first 
30 expansion cone segment body to a corresponding one of 

the T-shaped slots of the expansion cone support body; 
and 

a second T-shaped retaining member coupled to the first 
expansion cone segment body; 
35 N/2 seoond expansion oone segments nrusvably coupled to the 

expansion oone support body, each comprising: 
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a second expansion cone segnnent body including arcuate 

conical outer surfaces; 
a third T-shaped retaining member coupled to the second 

expansion cone segment body for movably coupling the 
5 second expansion cone segment body to a 

conesponding one of the T-shaped slots of the expansion 

cone support body; and 
a fourth T-shaped retaining member coupled to the expansion 

cone segment body; 

10 wherein the first and second expansion cone segments are interleaved; 

wherein the first expansion cone segment bodies are complementary 
shaped with respect to the second expansion cone segment 
txxJies; and 

a split ring collar assembly movably coupled to the exterior of the tubular 
15 support member comprising: 

a second tubular support body defining: 

N T-shaped slots fornnovably receiving connesponding 
ones of the second and fourth T-shaped retaining 
members of the interleaved first and second 
20 expansion cone segments; and 

an L-shaped retaining member coupled to the second tubular 
support body; and 
wheiein the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
25 the split ring collar. 

34. An apparatus for radially expanding a tubular member, comprising: 
a tubular support member; 

an adjustable expansion cone assembly movably coupled to the tubular support 
30 member; and 

means for adjusting the adjustable expansion cone assembly. 

35. The apparatus of daim 34, wherein the means for adjusting the adjustable 
expansion cone assembly comprises: 

35 frictional means for adjusting the adjustable expansion cone assembly. 
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36. The apparatus of daim 34. wherein the means for adjt^ng the adjustable 
expansion oone assembly comprises: 

resilient means for adjusting the adjustable ^cpansion cone assembly. 

5 37. An adjustable expanston oone assembly, comprising: 
a tubular support member; 

an adjustable expansion cone movabiy coupled to the tubular support member, 

comprising: 

a plurality of expanston cone segments; and 
1 0 means for guiding the expansion cone segments on the tubular support 

member; and 
means for adjusting the adjustable expanston cone. 

38. The adjustable expansion cone assembly of daim 37, wherein the adjustable 
15 expansion cone further comprises: 

means for interiocking the expanston cone segments. 

39. The adjustable expansion cone assembly of daim 37, wherein the means for 
adjusting the adjustable expansion cone comprises: 

20 resilient means for supporting the expansion cone segments. 

40. The adjustable expansion cone assembly of claim 37, wherein the expanston 
cone segments indude firet and second interleaved groups of expansion cone 
segrronts. 
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41 . The adjustable expansion cone assembly of daim 40. wherein the means for 
adjusting the adjustable expansion cone comprises: 

means for displadng the first and second Interieaved groups of expansion cone 
segments in opposite directions. 

42. A method of operating an adjustable expanston oone assembly comprising a 
plurafity of expansion cone segments, comprising: 

guiding the expansion cone s^ments on a tapered body; and 

controilably displadng the expansion cone segments along the tapered body. 

43. The method of daim 42. further comprising: 

rnpierl from 1046^719 nn OSj7f\/?om 

::::■: :.:::■:::?::::: :::■::::::::::::::::::::::::: ::.:::::::::::::■: mmmmmmmmmiMsHH^SiiimmimiSmHimmmSiSmiSiS: 



114 

rasiliently guiding the expansion cone segments on the tapered body. 
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44. The method of daim 42, further comprbing: 
interlocking the expansion cone segments. 

45. The method of daim 42, further comprising: 
dividing the expansion cone segments into first and second groups of 

expansion cone segments; and 
interleaving the first and second groups of expansion cone segments. 

46. Themethodof daim 45, further comprising: 

overlapping the first and second groups of expansion corie segments. 

47. The method of daim 45, wherein controllably dispiadng the expansion cone 
1 5 segments along the tapered body comprises: 

dispiadng the first and second interleaved groups of expansion cone segnnents 
in opposite directions. 

48. A nnethod of operating an adjustable expansion cone assembly comprising a 
20 plurality of expansion cone segments, comprising: 

guiding the expansion cone segments on a muW-sMed tapered body; 
interlocking the expansion cone segments; and 

controllably dispiadng the expansion cone segments along the tapered body. 

25 

49. A method of operating an adjustable expansion cone assembly comprising a 
plurality of expansk)n cone segments, comprising: 

resifiently guiding the expansion cone segments on a multi-skied tapered body; 
guiding each of the expansion cone segments on opposite sides in the 
30 drcumferential direction; 

interfc)cking the expansion cone segments; and 

controllably dispiadng the expansion cone segments along the tapered body. 

50. A method of operating an adjustable expansion cone assemt>ly comprising a 
35 plurality of expansion oone segments, comprising: 
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dividing the expansion cone segments Into first and second groups of 

expansion cone segments; 
interteaving the first and second groups of expansion cone segments; 
overlapping the first and second groups of expansion cone segments; 
5 resillently guiding the expansion cone segments on a multi-sided tapered body: 

guiding each of the expansion cone segments on opposite sides in the 

circumferential direction; and 
controHaUy displacing the expansion cone segments along the tapered body. 

10 

51 . A method of operating an adjustable expansion cone assembly comprising a 
plurality of expansion cone segments, comprising: 

dividing the expansion cone segments into first and second groups of 

expansion cone segments; 
15 interleaving the first and second groups of expansion cone segments; 

guiding the expansion cone segments on a multl-slded tapered body; and 
controUably displacing the expansion cone segments along the tapered body 

while also relatively displacing the first and second groups of expansion 

cone segments in opposite directions. 

20 

52. A method of plastically deforming and radially mpanding an expandable tubular 
member using an apparatus comprising a tubular support menrU)er. an adjustabte 
expansion cone assembly movaUy coupled to the tubular support member, and an 
actuator movably coupled to the tubular support member for adjustir^ the adjustable 

25 expansion cone assembly, comprising: 

coupling a first end of the expandable tubular memt>er to a tubular structure; 

locking the actuator to the tubular support member of the apparatus; 

inserting the apparatus into the first end of the expandable tubular member; 

moving the actuator and the adjustable expansion cone assembly the 
30 apparatus out of the second end of the expandable tubular member, 

reinserting the actuator of the apparatus into the second end of the expandable 
tubular member; 

unlocking the actuator from the tubular support member of the apparatus; 
rotating the actuator relative to the tubular support member of the apparatus; 
35 and 
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increasing the outside dianneter of the adjustable expansion cone assemt>iy by 
moving the tubular support member relative to the actuator, the 
adjustable expansion cone assembly, and the expandable tubular 
member; and 

5 plastically deforming and radially expanding the expandable tubular member by 

moving the adjustable expansion cone assembly through the 
expandable tubular member. 

53. The method of claim 52, wherein the tubular support member includes one or 
10 more lugs; wherein the actuator includes one or more con^espondlng retaining slots; 
and v^hereln locking comprises positioning the lugs into the correspondlhg retaining 
slots. 



54. The method of claim 52. wherein the tubular support memt)er includes one or 
15 more lugs; wherein the actuator Includes one or more corresponding retaining slots; 

and wherein untocicing comprises positioning the lugs out of engagement with 
corresponding retaining slots. 

55. The method cS claim 52, wherein moving the tubular support nrtember relative to 
20 the actuator, the adjustable expansion cone assembly, and the expandable tubular 

member Gonrtprises: 

the actuator fricUonally engaging the expandable tubular member. 

56. The method of daim 52, wherein moving the adjustable expansion cone 
25 assembly through the expandable tubular member comprises: 

pulling the adjustable expansion cone through the expandable tubular mmber. 

57. The method of daim 52, further comprising: 

fluididy sealing the internee between the tubular support member of the 
30 apparatus and the expandable tubular memben 

wherein moving the adjustable expansion cone assembly through the 

expandable tubular member comprises: 
injecting a pressurized fluid Into the tubular support member. 



35 58. A method of plastically deforming and radially expanding an expandable tubular 
member using an apparatus comprising a tubular support member, an adjustable 
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expansion cone assembly movably coupled to the tubular support member, and an 
actuator movably coupled to the tubular support member for adjusting the adjustable 
expansion cone assembly, comprising: 

coupling a first end of the expandable tubular member to a tubular sbtidure; 
5 inserting the apparatus into the first end of the expandable tubular member in a 

first direction; 

displacing the actuator of the apparatus in a second direction opposite to the 
first direction; 

applying a resilient biasing force to the adjustable expansion cone assembly in 
10 the second direction; 

moving the actuator and the adjustable expansion cone assembly of the 

apparatus out of the second end of the expandable tubular member 
reinserting the actuator of the apparatus into the second end of the expandable 
tubular member in the second direction; 
1 5 increasing the outside diameter of the adjustable expansion cone assembly by 

displacing the actuator and the adjustable expansion cone assembly 
relative to the expandable tubular member in the first direction; and 
plastically deforming and radially expanding the expandable tubular member by 
moving the adjustable expansion cone assembly through the 
20 . expandable tubular member in the second direction. 

59. The method of daim 58, wherein displacing the actuator of the apparatus In the 
second direction comprises: 

impacting the actuator with the first end of the expandable tubular member. 

25 

60. The method erf daim 58, wherein displadng the actuator and the adjustable 
expansion cone assembly relative to the expandable tubular member in the first 
direction comprises: 

impacting the actuator with the second end of the expandable tubular member. 

30 

61 . The method of daim 58, wherein moving the adjustable expanston cone 
assembly through the expandable tubular member comprises: 

pulling the adjustable expansion cone through the expandable tubular member. 

35 62. The method of daim 58, further comprising: 
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fluididy sealing the Interface between the tubular support member of the 

apparatus and the expandable tubular member, 
wherein moving the adjustable expansion cone assembly through the 

expandable tubular member oonq)rises: 
5 injecting a pressurized fluid into the tubular support niember. 

63. An adjustable expansion cone assembly, comprising: 

a plurality of expansion cone segments; 

means for guiding the expansion cone segments on a tapered body; and 
1 0 means for controllably displacing the expansion cone segments along the 

tapered body. 

64. The assembly of daim 63. further comprising: 

means for resiliently guiding the expansion cone segments on the tapered 
15 body. 

65. The assembly of claim 63, further comprising: 
means for interlodctng the expansion cone segments. 

20 66. The assembly of claim 63» further comprising: 

means for dhrfding the expansion cone segments into first and second groups of 

expansion cone segments; and 
means for interleaving the first and second groups of expansion cone 

segments. 

25 

67. The assembly of daim 66. further comprising: 

means for overiapping the first and second groups of expansion cone 
segments. 

30 68. The assembly of daim 66. wherein the means for controllably displadng the 
expansion cone segments along the tapered body comprises: 

means for displadng the first and second interteaved groups of expansion cone 
segments in opposite directions. 

35 69. An adjustable expansion cone assembly, comprising: 
a plurality of expansion cone segments; 
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means for guiding the expansion cone segments on a multi-sided tapered t>ody; 
means for interlocking the expansion cone segments; and 
means for controllably displacing the expansion oone segments along the 
tapered t>ody. 

An adjustable expansion oone assembly, comprising: 
a plurality of expansion cone segments; 

means for reslliently guiding the expansion cone segments on a multi-sided 
tapered body; 

means for guiding each of the expansion oone segments on opposite sides in 

the circumferential direction; 
means for intertoclcing the expansion cone segments; and 
means for controllably displacing the expansion cone segments along the 

tapered IxKly. 

An adjustable expansion cone assembly, comprising: 
a plurality of expansion cone segments; 

means for dividing the expansion cone segments into first and second groups of 

expansion cone segments; 
means for interieaving the first and second groups of expansion cone 

segments; 

means for overlapping the first and second groups of expansion oone 
segments; 

means for resillently guidirig the expansion cone segments on a multi-sided 
tapered body; 

means for guiding each of the expansion cone segments on oi^xisite sides in 

the circumferential direction; and 
means for controllab^ displacmg the expansion cone segments along the 

tapered body. 

An adjustable expansion cone assembly, comprising: 
a plurality of expansion cone segments; 

means for dividing the expansion cone segments into first and second groups of 

expansion cone segments; 
means for interieaving the first arul second groups of expansion cone 

segments; 
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means for guiding the expansion cone, segments on a multi-sided tapered body; 
and 

means for oontrollably displacing the expansion cone segments along the 

tapered body while also relatively displacing the first and second groups 
5 of expansion cone segnnents in opposite directions. 

73. An apparatus for plastically defbnning and radially expanding an expandable 
tubular member, comprising: 

a tubular support member; 
1 0 an adjustable expansion cone assembly movably coupled to the tubular support 

member; 

means for actuating the adjustable expansion cone assembly; 
means for lodcing the actuator to the tubular support member of the apparatus; 
means for unlocking the actuator from the tubular support member of the 
15 apparatus; 

means for increasing the outside diameter of the adjustable expansion cone 

assembly by nrxsving the tutnilar support member relative to the actuator. 

the adjustable expansion oone assembly, and the exparKlable tubular 

member. 

20 

74. The apparatus of daim 73, wherein the tubular support member includes one or 
more lugs; wherein the actuator includes one or more corresponding retaining slots; 
and wherein the means for lodu'ng comprises positioning the lugs into the 
corresponding retaining slots. 

25 

75. The apparatus of claim 73. wherein the tubular support member includes one or 
more lugs; wherein the actuator includes one or more corresponding retaining slots; 
and v\*ierein the means for unlocking comprises positioning the lugs out of engagement 
with corresponding retaining slots. 

30 

76. The method of daim 73. further comprising: 

means for fluidicly sealing the interface between the tubular support member of 
the apparatus and the expandable tubular member. 

35 77. An apparatti^ for plasticaliy defonning and radially expanding an expandable 
tubular member, comprising: 
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a tubular support member, 

an adjustable expansion cone assembly movably coupled to the tubular support 
member; 

means for actuating the adjustable expansion cone assembly; 
means for displacing the actuator of the apparatus in a first direction; 
means for applying a resilient biasing force to the adjustable expansion cone 

assembly when the actuator is displaced in the firet direction; 
means for increasing the outside diameter of the adjustable expanston cone 

assembly by displadng the actuator and the adjustable expansion cone 

assembly relative to the expandable tubular member in a second 

direction opposite to the first direction. 



78. The apparatus of daim 77. wherein the means for displadng the actuator of the 
apparatus in the first direction comprises: 
1 5 means for impacting the actuator. 



79. The apparatus of daim 77. wherein the means for displadng the actuator and the 
adjustable expanston cone assembly relative to the expandable tubular member in the 
first direction comprises: 
20 means for impacting the actuator. 
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